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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States mvernment Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or implied, or assumes any legal L'abili- 
ty or respomibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, pmces, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily codtute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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The Ecological Monitoring Program (EcMP) was designed to investigate the long-term 
ecological trends in terrestrial and aquatic ecosystems at the U.S. Department of Energy’s 
(DOE’S) Rocky Flats Environmental Technology Site (Site) (DOE 1993). Field sampling 
was conducted during 1993, 1994, and 1995, until the program was terminated in late 
1995. This report presents the terrestrial vegetation data that were gathered by the EchP. 

The Site is located on the Colorado Piedmont, east of the Front Range, between Boulder 
and Golden, approximately 25 km (16 miles) northwest of Denver. The topography and 
proximity of the Site to the mountain front result in an interesting mixture of prairie and 
mountain plant species. The Site is one of the few large, relatively undisturba areas.of 
its kind that remains along the Colorado Piedmont. Until 1989, the primary mission of 
the Site was the production of nuclear weapons components (DOE 1993). After produc- 
tion ceased, Site personnel shifted their focus to cleanup and closure. 

Prior to the ECMP program, ecological studies at the Site included a botanical inventory 
done in the early 1970s (Weber 1974) and a plant community/ordination study, which 
produced an early vegetation map of the Site (Clark et al. 1980). Colorado State Uni- 
versity conducted a variety of radionuclide studies on various ecosystem components 
(Jarvis 1991; Whicker et al. 1990). During 1991, a baseline wildlife and vegetation study 
was done to provide ecological information on the plant, animal, and aquatic communi- 
ties at the Site (DOE 1992). Additionally, ecological data were gathered for specific 
Operable Units (OUs) to comply with the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) and Resource Conservation and Recovery 
Act (RCRA). 

Since the termination of the &MI? program, monitoring of plant communities at the Site 
has continued based on a reevaluation of data quality objectives. Specifically, vegetation 
monitoring objectives have been modified to address the DOE’S goal of proactively mm- 
aging land use at the Site to protect ecological resources. Both qualitative and quantita- 
tive monitoring of identified high-value vegetation communities, and of the results of 
weed control and controlled bums, are currently underway (K-H 1997a). In addition, the 
tall upland shrubland community (an unusual shrubland community found at the Site, 
which had not been examined previously) wai inventoried and characterized in 1996 (K- 
H-1997b). The results of ongoing monitoring efforts will be presented in future Site 
vegetation reports. 
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EcMP TERRESTRIAL VEGETATION STUDY OBJECTIVES 

As stated in the EcMP program plan (DOE 1993), the objectives of the terrestrial vegeta- 
tion module were to “characterize the composition, distribution, and production of the 
major plant communities at the Site.” Information gathered by the program was to be 
used to examine patterns and natural spatial and temporal variations within and between 
plant communities at the Site and in comparison to surrounding bioregions. It was also to 
provide information to document temporal and spatial changes in the plant communities 
that may have been related to past land use management practices or disturbances. 

The program was not designed as a comprehensive vegetation inventory and was not 
intended to sample all the plant communities at the Site. Instead, it subjectively focused 
on those communities identified in the baseline study (DOE 1992) as spatially important 
or representative (xeric mixed grassland and mesic mixed grassland), biologically impor- 
tant or unique (riparian woodland), and disturbed (reclaimed grassland). - - - .  

PURPOSE 

The purpose of this report is to summarize and interpret the species richness, cover, and 
biomass data collected for the EcMP from the xeric mixed grassland, mesic mixed grass- 
land, riparian woodland, and reclaimed grassland communities during the field seasons of 
1993, 1994, and 1995. Plant nutrient data were collected only in 1993, These data are 
described in the 1994 EcMP annual report (DOE 1994), and are not discussed in this 
report. 

QUESTIONS 

A number of questions relating to the vegetation were proposed for investigation in the 
EcMP program plan (DOE 1993). Some of these questions were addressed in the 1994 
and 1995 ECMP annual reports (DOE 1994, 1995a). Others were not addressed because 
insufficient data were available at the time the program was terminated. Therefore, the 
following questions from the 1994 and 1995 EcMP annual reports are addressed in sum- 
marizing the three years of EcMP terrestrial vegetation data: 

How does species richness vary among the plant communities sam- 
pled? 

m How do basal cover and plant foliar cover vary among the plant com- 
munities sampled? 

rn How does plant productivity (biomass) vary among the plant com- 
munities sampled? 

In addition, the following questions are addressed in this report: 
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Are any trends or changes evident in the data over the three-year 
period? 

Do the data reveal any special concerns or issues with regard to spe- 
cific plant communities? 
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METHODS 

EcMP TERRESTRIAL STUDY SITES 

The plant communities sampled by the EcMP were organized along a soil moisture 
(hydrologic) gradient ranging from xeric (dry) to mesic (moderate moisture) to hydric 
(wet). This approach followed the plant community classification that was outlined in the 
baseline study (DOE 1992), which identified xeric (xeric mixed grassland), mesic (mesic 
mixed grassland), and hydric (riparian community) communities at the Site. Twelve 
sampling sites (approximately 2 hectares each) were selected, three for each hydrologic 
gradient classification. One site for each hydrologic classification was placed in each of 
the major watersheds (Rock Creek, Walnut Creek, and Smart Ditch) at @e S&e.(Figure 
1). Woman Creek was not used as a watershed, because it was considered a 
“contaminated,” or affected, area and the EcMP was designed to focus on “unaffected” . ’ 

areas that would not be disturbed by remediation activities, which (at that time) were 
projected to start soon. In addition, three sites were also located in the reclaimed grass- 
land (an old agricultural area), which prior to cultivation, was probably mesic mixed 
grassland. All three of the reclaimed sites were located in one watershed (Smart Ditch), 
because no other areas at the Site had been tilled and subsequently revegetated. The 
sample site codes, community type, and watershed designations for the 12 sites are shown 
in Table 1 (all tables are found following the References). The locations of the EcMP 
sampling sites are shown in Figure 1. 

, 

METHODS OVERVIEW 

Within each site, five 50-m transects were randomly located and permanently marked. 
The types of vegetation sampling conducted each year (1993-1995) at the EcMP sites are 
shown in Table 2. 

A general description of the species richness, cover, and biomass sampling follows. For 
greater detail, see the Ecological Monitoring Program, Final Program Plan (DOE 1993) 
and the Environmental Management Operating Procedures Manual, Volume V ,  Ecology, 
5-51200-OPS-EE (DOE 1995b). The plant nutrient analyses are not described in this 
report, because the resulting data are not included (see DOE 1994). 

SPECIES RICHNESS (BELT TRANSECTS) 

Species richness was determined in a 2-m-wide belt centered along the length of the 50-m 
transect. Every plant species within the 100-m2 area was recorded and its phenological 
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state noted. In addition, the densities of the woody plant stems and cactus species were 
recorded. Species richness was measured both in the spring and late summer to provide a 
more complete species list for the entire growing season. Belt transects were sampled at 
all 12 sites. 

Species richness data were summarized by generating a species list for each site and each 
community. In addition, other species richness variables were calculated from the species 
lists. 

COVER (POINT-INTERCEPT TRANSECTS) 

I Basal cover and foliar cover estimates were made using a point-intercept method along 
the 50-m transects in late summer (fall) sampling. A 2-m-long rod (0.25-inch diameter) 

’ was dropped vertically at 50-cm increments along the transect to record a total of 100 
intercept points. Two types of hits were recorded. Basal cover hits were Yecoraed based 
on what was hit by the rod at the ground surface. Hits could be,vegetation (live plants), . - 
litter (fallen dead material), rock (pebbles and cobbles that were greater than the rod 
diameter), bare ground, or water-in that order of priority-based on the protection from 
erosion provided by each type of cover. Basal vegetation hits were recorded only if the 
rod was touching the stem or crown of the plant where it entered the ground. Foliar 
vegetation hits were recorded in three categories defined by height and growth form. The 
topmost hit of each growth form was recorded. The growth forms measured were herba- 
ceous, woody 42 m high, and woody >2 m high. Point-intercept sampling was conducted 
at all 12 sites. 

Basal cover data were reported as total percent cover of vegetation, litter, rock, bare 
ground, and water. Foliar cover data were reported as frequency, relative cover, and 
absolute cover for each species encountered. Frequency was defined as the percent of 
transects along which a species occurred, out of the possible five sampled at a specific 
site. Absolute cover was the percentage of the number of hits on a species out of the total 
number of hits possible at a site (500). Relative cover was the number of hits on a spe- 
cies, relative to the total number of vegetative hits per site (i.e., the percent of vegetative 
cover the species represented). 

BIOMASS (PRODUCTION PLOT) 

Biomass sampling was conducted during late summer at the nine grassland sites only. No 
biomass sampling was conducted in the riparian community because of the difficulty and 
destructive nature of sampling woody vegetation for biomass. Five randomly located 
0.25-m2 quadrats were placed between 1-5m outside the 2-m-wide belt transect, on 
either side of each transect. A total of 25 quadrats (five per transect) were sampled at 
each site. Biomass was determined by clipping all the non-woody vegetation within the 
quadrat. In 1993, clipped material was divided into three classes: current year live, cur- 
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rent year dead, and previous year dead. Current year live material was sorted by species, 
while the current year dead and previous year dead were not. In 1994, clipped material 
was divided into only two classes: current year live and current year dead. Both classes 
in 1994 were sorted by species. During both 1993 and 1994, litter was also collected 
from the quadrats. Oven dry weights were determined for each sample. Biomass data for 
1993 were reported as total biomass (g/m2). No individual species biomass calculations 
were possible because of the way the data were gathered in 1993. Biomass data in 1994 
were reported as total biomass (g/m2) and by individual species. 

DATA QUALITY 

All data were verified and validated prior to data analysis. However, some concerns are 
associated with specific data sets, and<.these concerns must be accounted for in interpret- 
ing the results. Appendix B contains a list of the data sets available from theEcMP ter-. 
restrial vegetation sampling and any'concems related to them. - - -  

, . L  I .  

DATA ANALYSIS AND SUMMARIZATION 

The 1995 EcMP annual report (DOE 1995a) Piscussed much of the vegetation data that 
had been gathered in 1993 and 1994. That report described the dominant species found in 
each community and statistically compared differences between sites and communities 
for a variety of species richness, cover, and biomass variables. Comparisons were also 
made between Site data and data from other locations, to place the Site into more of a 
regional context. In addition, results of an ordination and classification study based on 
1994 transect species presencdabsence data revealed how the transects, sites, and com- 
munities sampled under the EkMP were related to each other. Rather than restate the 
observations made in that report (DOE 1995a), only differences that resulted from the 
addition of the 1995 data, or new findings based on comparisons of data from all three 
years, will be discussed here. Additional information from more recent studies (e.g., 
1996 vegetation map methodology and classification; Appendix A) are discussed here, as 
well. Belt transect, point-intercept transect, and production plot vegetation data for 
1993-1995 (from the EMF' sites shown in Figure 1) are presented by data and commu- 
nity types, to focus on issues related to each community. Variations among the sites 
within communities are also discussed where appropriate. Some suggestions are made 
for the use and application of these data for land management decision making. 

For the analyses presented, the following "rules" were applied. Taxa identified only to 
the family or genus level were included only in the calculations of species richness vari- 
ables when no other species were verified from the same family or genus at the same site 
or community. Because genera and families generally are not wholly native or non- 
native, when determining the percent of native species at a site or community, taxa iden- 
tified only to that level were left out of the determinations altogether. When counting the 
numbers of annuals, biennials, and perennials, plants identified to the genus or family 
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level were included in the counts only if: 1) the species met the criteria mentioned above 
for genera and family-level identifications, and 2) the species within that genus or family 
that are known to occur at the Site could be defrnitively placed in one category or another. 
In cases where a species could be an annual, biennial, perennial, or any combination of 
these (as listed in plant manuals), the following rules were applied. Plants were counted 
as annuals only when considered an annual or annuallbiennial. Plants were counted as 
perennial whenever they were considered perennial, even if they could also occur as 
annuals or biennials. The biennial category was used only when a species was listed 
solely as a biennial. As used in the results and discussion, totals for site calculations are 
based on a mean value of the five transects (n=5). If a mean is given for the community 
total, it is based on the means for the three sites that represent that community (e.g., 
TRO1, TR06, and TR12 = xeric community). In other cases, however, the community 

*. value is based on a combination of all three sites for a given community, to determine the 
L total value for the variable being considered for that community (i.e., total species 

3 . richness' for the xeric community = 133 species, compared to the xeric community mean 
species richness = 89 [ 1994 data, Table 31). If a mean value is given in theiext,'it'willbbe 

. designated as a mean value. If no such designation is given, it is a combined .value. . I .  

No statistical analyses were done on the three years of EcMP data for this report. Statis- 
tical analyses, ordinations, and classifications were conducted on the 1994 data sets (DOE 
1995a) to examine differences between communities and sites. Because differences 
between years appeared inconsequential, these analyses were not repeated. Some 
attempts were made to examine potential trends in the three years of data, although trend 
analysis generally requires longer-term data sets than were available from the ECMP data. 
With only three years of data, the best option was to examine the variability inherent in 
the communities resulting from annual environmental differences and/or .annual sampling 
error. 



RESULTS AND DlSCUSSlON 

SPECIES RICHNESS 

A total of 332 species of vascular plants were recorded at all the EcMp sites sampled 
during the three-year period (Table 3). The species recorded at each EcMp site each year 
are listed in Table 3. The riparian woodland community had the highest species richness 
each year, with site TR03 consistently containing the most species of any site (Tables 3 
and 4). The reclaimed grassland had the lowest species richness; site TRO9 consistently 
showed the lowest number of species (Tables 3 and 4). In the native communities 
(reclaimed grassland excluded), species richness increased along the hydrologic gradient I 

- 
I (  from &y to wet (Tables 3 ahd 4). - - .  

The data appear to indicate an annual increase in species richness at nearly all sites and 
communities over the three years (Tables 3 and 4). However, this increase is best 
explained by different personnel sampling the transects and their increased familiarity 
with Site flora over time. Therefore, this trend should not be misinterpreted as a signifi- 

the totals for 1993 lack many of the spring ephemeral species. 

The community with the highest percentage of native species was the xeric mixed grass- 
land (three year mean = 83 percent), followed by the mesic mixed grassland (three year 
mean = 80 percent), riparian woodland (three year mean = 73 percent), and reclaimed 
grassland communities (three year mean = 62 percent; Table 4). The site with the highest 
percentage of native species over the three years was TRO1, a xeric mixed grassland site, 
which had a three-year mean of 86 percent (Table 4). The lowest percentage of native 
species for a site was found at TRO9, a reclaimed grassland site, which had a three-year 
mean of only 29 percent (Table 4). The variation in percentage of native species among 
sites and communities is probably attributable largely to past land use practices and iso- 
lation from disturbance. 

. 

cant ecological event. Additionally, 1993 species richness sampling started in July, and ' t  

Perennial species were predominant at all sites and communities (Table 4). Tree and vine 
growth forms were recorded only in the riparian community, and although the highest 
number of shrub species was recorded in the riparian community, this life form occurred 
in all other communities as well (Table 4). The numbers of cacti species were highest in 
the native grasslands (xeric mixed grassland and mesic mixed grassland) and lowest in 
the reclaimed grassland (Table 4). Forb (dicot) species outnumbered graminoid 
(rnonocot),species at all sites and communities by a factor of two to five times, depending 
on the site or community (Table 4). 
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, .  
1 .  . .  

The same ten species were recorded at least once at every EcMP site during the three-year 
period (Table 3). These species were hairy goldenaster (Chrysopsis villosa), prickly let- 
tuce (Lactuca serriola), false salsify (Scorzonera Zaciniata), goat's beard (Tragopogon 
dubius), field alyssum (Alyssum minus), small-seeded false flax (Camelina microcarpa), 
pinnate tansymustard (Descurania pinnafa), western wheatgrass (Agropyron smithii), 
Japanese brome (Bromus japonicus), and Kentucky bluegrass (Poa pratensis). Of these 
ten species, only two were native; hairy goldenaster and western wheatgrass. The other 
eight were adventive, non-native species with a tolerance for a wide range of conditions. 

A number of species were found in only one of the four sampled communities. The 
community with the fewest species "restricted" to it was the reclaimed grassland, which 
had only four species that were not recorded in any other community (Table 5). The 
mesic mixed grassland and xeric mixed grassland had 16 and 23 species restricted to 

1 -  them, respectively (Table 5). The riparian,community contained the highest number of 
species that were recorded only there (1 13; Table 5). Of the restricted species;.91 percent 
were native species in the xeric mixed grassland, 88 percent were natizin-the mesic 
mixed grassland, 82 percent in the riparian woodland, and 50 percent in the reclaimed . . 
grassland (Table 5). 

. 

. 

WOODY STEM AND CACTUS DENSITIES 

The highest cactus densities were found in the xeric mixed grassland (three-year mean = 
0.77 cacti/m2), and the lowest were found in the reclaimed grassland (three-year mean = 
0.01 cacti/m2). TR12, a xeric mixed grassland site, had the highest three-year mean cac- 
tus density (1.08 cacti/m2) of all sites, while TR05, a riparian woodland site, had no 
cactus recorded during the three years (Table 6).  Woody stem densities were highest in 
the riparian woodland community (three-year mean = 7.57 woody stems/m2) and lowest 
in the reclaimed grassland (three-year mean = 0.003 woody stems/m2). TR10, a riparian 
woodland site, had the highest woody stem density of all sites, with a three-year mean of 
11.6 woody stems/m2 (Table 6). This was approximately twice the density found at the 
other riparian woodland sites, TR03 and TR05 (Table 6).  Two sites-TR12, a xeric 
mixed grassland site, and TRO9, a reclaimed grassland site-had no woody stems 
recorded during the three-year period (Table 6). 

COVER 

Basal cover was measured to indicate the degree to which the ground surface is protected 
from wind and water erosion. Basal cover represents the amount of vegetation, litter, 
rock, bare ground, or water cover present at the ground surface. The results of the 1994 
and 1995 basal cover sampling at EcMP sites are shown in Table 7. The 1993 basal 
cover data were not included because of sampling inconsistencies associated with the data 
set (Appendix B). 
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Litter provided the greatest amount of ground cover at all sites and communities during 
1994 and 1995 (Table 7). At the community level, the 1994-95 mean litter basal cover 
amounts ranged between 57 and 68 percent (Table 7), with the reclaimed grassland hav- 
ing the highest amount (68 percent; Table 7). At the community level, the 1994-95 mean 
vegetation basal cover ranged from a maximum of 24 percent in the mesic mixed grass- 
land to a minimum of 9 percent in the reclaimed grassland (Table 7). Rocks provided 
15-16 percent of the 1994-95 mean basal cover in all communities, and bare ground 
provided 3-8 percent of the basal cover in all communities (Table 7). Ground cover 
provided by water occurred only in the riparian woodland (1994-95 mean basal cover 3 
percent; Table 7). Vegetation and litter basal cover amounts showed a decline in all 
communities from 1994 to 1995, with the exception of the mesic mixed grassland, which 
showed a slight increase (Table 7). Associated with these decreases were increases in the 
percentage of rock and bare-ground basal cover in all communities (Table 7). 

Basal cover data revealed that the mesic mixed grassland provided more ground.covera. 
than the artificially created reclaimed. grassland (Table 7). Significant Zfferences 
-(ANOVA, (31 = 0.05 level) in the amounts of bare ground cover, vegetation cover, and - 
litter were found between the reclaimed grassland and mesic mixed grassland in the 1994 
data (DOE 1995a). The reclaimed grassland contained lower amounts of basal vegetation 
cover and higher amounts of bare ground and litter (T.able 7). The reclaimed grassland is 
believed to have been mesic mixed grassland prior to cultivation, so these data indicate 
that the native mesic mixed grassland provides greater vegetation cover, and hence, 
greater potential protection of the soil surface from wind and water erosion, than the 
revegetated cover. Little et al. (1980) reported that wind erosion was a major mechanism 
for the transport of plutonium from contaminated soils at the Site. Thus, in revegetating 
contaminated areas at the Site, a more natural native grassland composition would be 
preferable from a safety standpoint, because it would provide greater protection of the soil 
surface from erosion and reduce the potential for wind-blown transport of soil con- 
taminants. 

Foliar, shrub, and tree cover are measures of the vegetation cover above the ground sur- 
face (vertical projection of the canopy to the ground). Results of the 1993-95 foliar cover 
sampling, grouped by EcMp site and community, are reported in Table 8. The highest 
1993-95 mean foliar cover was found in the mesic mixed grassland (88 percent). The 
xeric mixed grassland, reclaimed grassland, and riparian woodland had 1993-95 mean 
foliar cover amounts of 84,76, and 68 percent, respectively. Shrub cover was substantial 
only in the riparian woodland (1993-95 mean foliar cover of 40 percent), and tree cover 
was found only in the riparian woodland (1993-95 mean foliar cover of 19 percent). 

. -  
~ . .  s 

Foliar cover amounts, grouped by species by EcMP site, are summarized by community 
in Tables 9-12. Frequency, relative cover, and absolute cover are reported for each spe- 
cies encountered (see Methods section for explanations of terms). In the xeric mixed 

d grassland, the species providing the greatest foliar cover were needle-and-thread grass 
(Stipa comutu), big bluestem (Andrupugun gerardii), sun sedge (Carex heliuphila), Can- 
ada bluegrass (Poa compressu), Porters aster (Aster porferi), little bluestem (Andropugon 



scoparius), and dalmatian toadflax (Linaria dalmatica) (Table 9). (Note: sun sedge and 
needle leaf sedge [Carex eleocharis] were combined, because in 1993, sun sedge was 
identified as needle leaf sedge.) In the mesic mixed grassland, the species that provided 
the greatest amount of foliar cover were Japanese brome, western wheatgrass, blue grama 
(Bouteloua gracilis), wild alfalfa (Psoralea tenuiflora), and needle-and-thread grass 
(Table 10). In the reclaimed grassland, smooth brome (Bromus inemis) and intermediate 
wheatgrass (Agropyron intennedium) dominated the foliar cover (Table 11). In the ripar- 
ian woodland, the greatest amounts of foliar cover were provided by baltic rush (Juncus 
balticus), Canada thistle (Cirsium arvense), Canada bluegrass, Nebraska sedge (Carex 
nebrascensis), meadow fescue (Festuca pratensis), and redtop (Agrostis stolonifera) 
(Table 12). Variations in foliar cover between sites are discussed in the specific com- 
munity sections. Vegetation classification and ordination information by site and com- 
munity were reported and discussed in the 1995 EkMP annual report (DOE i1995a) and 

ted here. 
I .  - - -  

~ S h b  cover (woody plants c 2 m  in height) was present in all of the communities, 
although in the grasslands it provided only about two percent cover (Table 8). Only two 
shrub species were recorded in the grasslands-prairie wild rose (Rosa arkansana) and 
Spanish bayonet (Yucca glauca) (Table 13). In the riparian woodland, nine different 
species of shrubs were recorded, with the most cover provided by coyote willow (Sulk 
exigua), leadplant (Amorphafruticosa), and young plains cottonwood (Populus deltoides) 
(Table 13). Tree cover (woody plants >2 m in height) was recorded only in the riparian 
woodland community (Table 8). Plains cottonwood and tall shrubs of coyote willow 
provided the largest amounts of tree cover in the riparian community (Table 14). 

The community with the greatest amount of foliar cover provided by native species was 
the xeric mixed grassland (82 percent; Table 15). The mesic mixed grassland and ripar- 
ian woodland communities had approximately the same amounts of native foliar cover, 
with 55 and 54 percent, respectively (Table 15). The reclaimed grassland had the lowest 
amount, with only three percent native foliar cover (Table 15). The site with the highest 
native foliar cover was TROl (89 percent; Table 15), a xeric mixed grassland site, while 
TRO9, a reclaimed grassland site, had the least amount of native foliar cover (one percent; 
Table 15). All three grassland communities showed a decrease in the percentage of 
native foliar cover over the three-year period. (Table 15). This was mirrored at each 
grassland site, with the exception of reclaimed grassland sites TR08 and TR09, which 
showed minute increases in 1995 (Table 15). Only the riparian woodland showed a 
community level increase in the percentage of native foliar cover (Table 15). The site 
with the greatest decrease in native foliar cover was TR11, a mesic mixed grassland site, 
which showed a 30 percent decrease in native foliar cover (Table 15). Site TR05, a ripar- 
ian woodland site, had the greatest increase (26'percent) in native foliar cover (Table 15). 
Concerns about the apparent loss of native vegetation cover are discussed by specific 
community in later sections. 

- a a 
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BIOMASS 

Biomass production is a measure of the amount of above-ground plant material .produced 
during a given growing season. Mean total biomass production for 1993-94 at the ECMP 
sites (Table 16) was highest in the reclaimed grassland community (130 g/m2), followed 
by the xeric mixed grassland (126 g/m2) and the mesic mixed grassland (1 19 g/m2). No 
biomass sampling was conducted in the riparian woodland community. Biomass produc- 
tion results were higher in 1994 than in 1993 across all communities (Table 16). In 1993, 
biomass production was highest in the xeric mixed grassland (124 g/m2), followed by the 
mesic mixed grassland (1 17 g/m2) and the reclaimed grassland (1 14 g/m*; Table 16). In 
1994, the reclaimed grassland had the highest biomass production (146 g/m2; Table 16). 
This was followed by the xeric mixed grassland and mesic mixed grassland, with 129 and 
120 g/m2, respectively (Table 16). .The. 1993-94 mean litter biomasses ranged between 
189 and 191 g/m2 (Table 16). Litterbioyss w.4 higher across all communities in 1994 
than in..,l993. (Table 16). . Although.,the ,differences in litter amounts between-years . 8 : .:... . . .  ; ' : 

fhe swond year of sampling. (19941,. field zpe$o.Mel cpllected litter: ,much more meticu: 

... : ~ 

I 

" 

. . .  . . .  . .  
seemed dramatic,, ,they. were best explgned, by, differences in sampling,me7hodK, 'During 

lously, resulting in. the higher amounts, and thus the data do not necessarily indicate a. , 

, .  , , . . , , . .  

,: '.;?: : ,. ,, 
:: , ,  

, "  \ '  
' , significht ecologic,al'Gend. : '  . .  

Biomass amounts by species were only available. for 1994, and are presented in Table 17. 
The ten leading biomass producers in the xeric mixed grassland during 1994 were needle- 
and-thread grass, dalmatian toadflax, dotted gayfeather (Liutrus punctutu), field alyssum, 
big bluestem, Canada bluegrass, hairy goldenaster, Porters aster, sun sedge, and little 
bluestem (Table 17). In the mesic mixed grassland, the ten leading biomass producers for 
1994 were western wheatgrass, Japanese brome, blue grama, musk thistle (Curduus nu- 
tuns), sun sedge, white sage (Artemisia Zudovicianu), needle-and-thread grass, big 
bluestem, false salsify, and Canada bluegrass (Table 17). Two species, smooth brome 
and intermediate wheatgrass, dominated the biomass of the reclaimed grassland (Table 
17). The leading biomass producers in each community corresponded well with the spe- 
cies providing the greatest cover in each community (Tables 9-12). 

Large differences were found between communities in the amount of biomass produced 
by native species. The highest amount of biomass from native species was produced in 
the xeric mixed grassland (mean = 74 percent; Table 17). The mesic mixed grassland had 
63 percent of the biomass from native species, while the reclaimed grassland had less 
than one percent of biomass produced by native species (Table 17). 

PLANT COMMU NlTlES 

Xeric Mixed Grassland 

The xeric mixed grassland represented approximately 31 percent of the Site land area, 
based on the 1996 updated vegetation types map (Figure 2) (Appendix A provides details 



of map production methods and classification descriptions). The three sites sampled were 
TRO1, TR06, and TR12 (Figure 1). The xeric mixed grassland occurs primarily on the 
pediments (flat hilltop areas) and on ridgetops at the Site (Figure 2). The pediment is 
underlain by the Rocky Flats Alluvium and has soil types classified as Flatirons very 
cobbly sandy loam on the flatter surfaces, and Nederland very cobbly sandy loam along 
the ridgetops and pediment edges (SCS 1980). 

I . '  . . .  
. . . .  sities and greatest number 'of cacti species. were foui 

': .:, 1 &xed, ggsland,. further indicating. the, dry hydrologic character.,of;thi . .  
~ .. . .  

. -  
. .. . . .- (Tables 6 and 4, respectively). 

Although TRO1, TR06, and TR12 were all categorized as xeric mixed grassland, differ- 
ences in cover and biomass data from these sites revealed that species composition varied 
in the community across the Site (Tables 9 and 17). As reported in the 1995 EcMP 
annual report (DOE 1995a), based on the 1994 data, TROl and TR06 differed from one 
another based on dominant cover species. This was further supported by the 1993 and 
1995 data (Table 9). The TROl site contained a high cover of big bluestem and little 
bluestem, both tallgrass prairie species, during all three years. TR06 contained very few 
of either of these species, but instead had high cover of needle-and-thread grass and dal- 
matian toadflax (Table 9). The TR12 site was intermediate between the two, with high 
cover of big bluestem and needle-and-thread grass (Table 9). Differences in the 1994 
biomass production by these species revealed similar differences between the sites as well 
(Table 17). These differences were used as a determining factor in splitting the xeric 
mixed grassland into two separate classifications for the 1996 updated vegetation types 
map (Figure 2). Areas similar to TROl and TR12 were classified as xeric tallgrass prai- 
rie, based on the high cover of big bluestem and little bluestem. Locations with high 
cover of needle-and-thread grass and very little cover of bluestems were classified as 
xeric needle-and-thread grass prairie. 

14 



j . . . . 

Figore2. VegetationTypesMap 
El96 

t 
-. ... . 





The xeric tallgrass prairie portion of the xeric mixed grassland is a significant ecological 
resource at the Site, because it was once part of a larger xeric tallgrass prairie ecosystem 
stretching along the Colorado pediment. Much of this ecosystem has been destroyed by 
human activity and development (CNHP 1995). Most of what remains of this ecosystem 
consists of small parcels ranging in size from 5 to 100 acres (CNHP 1995). The xeric 
tallgrass prairie portion of the xeric mixed grassland at the Site covers approximately 
1,800 acres (Table 18; Figure 2) and represents a large parcel of what remains of this rare 
ecosystem. Colorado Natural Heritage Program (CNHP) ecologists identified the xeric 
tallgrass prairie at the Site as globally imperiled; it is one of fewer than 20 known loca- 
tions worldwide (CNHP 1995). 

The xeric needle-and-thread grass prairie, portion of the xeric mixed grassland covers 
approximately 189 acres at theSite (Table'.18), with the largest portion represented by the . 

cies (28 and 54' percent respectively; :'&d '17). at the TR06 site are animpoftarit. :: ;. . ' 

: cover .and highest*biomass at TROg (Tables '9-and 17): Weed controlais a prime concern ' .  . ... 

._ ,area near TRO6,pigure 2). The higher:&noiints.of cover and biomass of non-native spe-' ,: .; . 8 I ' ., 

management concern in this co iqu ,  

at this locality because of the laige'weed infestations present there. 

:. . . .  
, . 

' I ; : : 
' ,' 

. . .  . 
- d . . .  

mati& fbadflax provideS the<ecoid-highest .'.. .. , . '  

I .  
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Statistical trend analysis of foliar cover data for individual species was not conducted 
because of difficulties' 'in separating out annual environmental variability, sample vari- 
ability, sampling error, and problems associated with interpreting such a short-term trend 
(three years). However, qualitative assessments and interpretations of dramatic changes 
in particular species or groups of species could indicate changes in community composi- 
tion that may warrant management action. The most apparent trend in the xeric mixed 
grassland is the consistent decrease in the percentage of native foliar cover at all the xeric 
mixed grassland sites over the three years (Table 15). Losses of native cover ranged from 
approximately 5 to 17 percent. 

The greatest loss of native cover occurred at TR12, where field alyssum, a non-native 
species, showed a large increase in cover and frequency over the three years, while little 
bluestem, hairy goldenaster, wild alfalfa, and Fendler sandwort (Arenaria fendleri), all 
native species, showed losses in cover (Table 9). At TR06, increases in the cover of non- 
natives species, including Japanese brome, small-seeded false flax, and dalmatian toad- 
flax, combined with losses in native cover of needle-and-thread grass, accounted for 
much of the change at that site (Table 9). At TRO1, the increase in cover of the native 
species Porters aster offset losses by other native species, reducing the overall loss of 
native cover at the site to about 5 percent (Table 9). Little bluestem, hairy goldenaster, 
dotted gayfeather, wild alfalfa, and Fendler sandwort, all native species, showed declines 
of foliar cover greater than 50 percent at TROl over the three-year period (Table 9). The 
apparent decrease in the cover of little bluestem at TROl and TR12 was particularly 
noteworthy, because it is one of the important tallgrass species of the xeric tallgrass prai- 
rie. During the 1995 sampling season, Nelson (1996) observed many deaths of the spe- 
cies, apparently as a result of the late summer drought.in 1994. Similar responses of little 
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bluestem to drought were mentioned by Albertson and Weaver (1944), who suggested 
drought losses were due to the shallow root system of the species. 

The apparent loss of native cover in the xeric mixed grassland must be viewed in light of 
the dynamic nature of the ecosystem. During the three years studied, a drought occurred 
in the summer of 1994, and above-average spring rainfall-and runoff with associated 
flooding--occurred in 1995. Studies documenting the response of the native prairie and 
successional recovery of abandoned fields and roads to periods of drought and above- 
average rainfall reveal the dynamic nature of the plant communities (Albertson and 
Weaver 1944, Shantz 1917; Reichhardt 1982). Albertson and Weaver (1944) docu- 
mented dramatic annual changes in the cover of different prairie graminoid and forb spe- 
cies in response to drought during the 1930s and early 1940s. It is not apparent whether 
the observed changes in the xeric mixed grassland data indicate larger changei~ in the 
speciescornposition of the community, or if these changes manifest the natural variation I ,  

in :the annuald production of these species due to life history traits or environmental fac- 

Lbnger-term monitoring correlated to other measured variables (e.g., climate. data,-man- 
agement practices) would be required to discriminate among these causes. 

The apparent loss of native foliar cover in the xeric mixed grassland is an important con- 
cern, which may indicate that continued monitoring of the community is needed. In 
addition, steps must be considered to control the weeds and improve the health of the 
native species. Current management plans include monitoring of the xeric mixed grass- 
land, controlling weeds, and reintroducing fire to the ecosystem. These strategies should 
help reduce the weeds and other non-native species while enhancing the vigor and health 
of the native species in the plant community (K-H 1997). 

.tors; indicateta lack of grazing or fire in the ecosystem, or result from s&plic ‘koide.”. - .., 

Mesic Mixed Grassland 

The mesic mixed grassland represented approximately 34 percent of the Site land area, 
based on the 1996 updated vegetation types map (Figure 2) and is the largest plant com- 
munity (in areal extent) at the Site. The three mesic mixed grassland sites sampled were 
located at TR02, TR04, and TR11 (Figure 1). The mesic mixed grassland occurs primar- 
ily on the hillsides (Figure 2), on soil types classified primarily as Denver-Kutch-Midway 
clay loams and Haverson loam, with isolated locations of Denver clay loam, Nunn clay 
loam, and Leyden-Primen-Standley cobbly clay loam (SCS 1980). 

The mesic mixed grassland had a combined richness of 141 species identified in 1995 
(Table 4), which was intermediate between the xeric mixed grassland and riparian wood- 
land. Eighty-two percent of the species were native (1995; Table 4). A total of 16 spe- 
cies (88 percent of these native species) were recorded only in the mesic mixed grassland 
community over the three years (Table 5). The predominant life and growth forms of 
vegetation on the mesic mixed grassland were perennial graminoids and forbs, in propor- 
tions similar to those found in the xeric mixed grassland (Table 4). In general, the mesic 
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mixed grassland fell between the xeric mixed grassland and riparian woodland for most 
species richness measures (Table 4). 

The dominant species at all three mesic mixed grassland sites were Japanese brome and 
western wheatgrass, with Japanese brome providing the greater cover at TR04 and TR11 
and western wheatgrass providing slightly more cover at TR02 (Table 10). Differences 
among the mesic mixed grassland sites were generally less distinct than those among the 
xeric mixed grassland sites (Tables 3, 10, and 17). Although the mesic mixed grassland 
had the highest three-year mean foliar cover (88 percent; Table 8) of all the communities, 
a substantial portion of the relative foliar cover was from non-native species (45 percent; 
Table 15). Only 65 percent of the total biomass production in the mesic mixed grassland 
community was from native species (Table 17). Similar to the xeric mixed grassland, the 
mesic mixed grassland showed a decrease ,in the overall percent of native foliar cover 
over the three-year period (Table 15). .Much of the loss of native cover was attributable 
to increases in foliar cover by Japanese bkme, a non-native species, combined- with loss 
of foliar cover by western wheatgrass ahd.blue grama, both native spec& (Fable 10). 
The combined cover of the two non-native annual species of cheatgrass-Japanese brome 
and downy brome (Bromus recroTm)--provided 20 to 38 percent of the.foliar coyer 
during each year of sampling at the mesic mixed grassland sites (Table 10). The two 
species of cheatgrass combined also provided the second highest amounts of biomass in 
the community, behind. western wheatgrass, further indicating the strong non-native 
influence in the community (Table 17). The high native species richness (Tables 3 and 4) 
indicates that while the mesic mixed grassland still retains a large native floristic compo- 
nent, the high non-native cover and biomass present in the community indicates its 
degraded state (Tables 10 and 17). The loss of native foliar cover in the mesic mixed 
grassland, like that in the xeric mixed grassland, is cause for concern and needs further 
examination. 

, 

9 . -  

The dominance of the mesic mixed grassland community by cheatgrasses is significant 
from ecological, management, and safety standpoints. Cheatgrasses have become the 
dominant species on thousands of acres of rangeland in the western U.S. since their intro- 
duction to North America more than 100 years ago (Pellant and Hall 1994). Studies have 
shown that the germination requirements and competitiveness of the cheatgrasses allow 
them to replace the native vegetation and, once established, cheatgrass is difficult to 
eradicate (Rosentreter 1994; Monsen 1994; Haferkamp et al. 1994). This fact is evident 
at the Site, where large portions of the mesic mixed grassland are dominated by cheat- 
grasses. Much of the current state of the mesic mixed grassland can be traced back to 
past land-use practices (overgrazing, farming, disturbance, water regime alteration) at the 
Site. 

Prior to the purchase of the Site and building of the Industrial Area, the land served pri- 
marily as rangeland, with some farming in the southeast comer. Overgrazing (prior to 
DOE purchase), combined with the semi-arid climate, provided optimal conditions for the 
cheatgrasses and other weeds to invade and establish in the mesic mixed grassland at the 
Site since grazing was stopped. Clark et al. (1980) mentioned the overgrazed condition 
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of the land (as of 1974) and reported overgrazing as one of the key factors influencing the 
vegetation on the Site at that time. She also observed what Weaver and Clements (1938) 
had stated, that under a heavy grazing regime, the mixed grass prairie is replaced by 
shortgrass vegetation, but when released from grazing pressure, the mixed grass prairie 
returns (Clark et al. 1980). Much of what is currently called the mesic mixed grassland at 
the Site was classified as shortgrass prairie by Clark et al. (1980). With the removal of 
grazing pressure, much of the mesic mixed grassland has begun to recover from its previ- 
ously overgrazed, shortgrass state, although the establishment of many weeds and other 
non-native species has accompanied and slowed the successional return to a more mixed 
grass prairie state. 

Ecologically, the replacement or inhibition of the native species, many of which are per- 
ennial species, by an annual community (including cheatgrasses, diffuse knapweed 
[Centaurea dzma] ,  and other weeds), results in many significant changes to the corn:, 
munity. Studies in other locations have shown) that these changes include theAoss *of 
genetic, species, and structural diversity in the community, which can lGdd, t&lowered 
ecosystem stability, alteration of landscape patterns of vegetation, loss of wildlife habitat, I 
and declines in some wildlife populations (Rosentreter 1994). The conversion" to an 
annual community also results in lower quality watersheds with higher potential for soil 
erosion, because the deep, soil-holding root systems of the perennial species are no longer 
present (Rosentreter 1994). These are all important issues with regard to the management 
of soil, water, and ecological resources at the Site. 

I 

, . . . = . 

From a safety standpoint, wildfrres are one of the major concerns created by the cheat- 
grass-dominated communities at the Site. As annuals, the cheatgrasses complete their 
lifecycles early in the growing season, leaving a standing crop of dead, dry plant litter in 
the community for most of the summer. In the areas at the Site dominated by cheat- 
grasses, the biomass from these species is a significant portion of the total biomass pro- 
duced (Table 17). The result is that large fuel loads are available in the community 
throughout the year. The mesic mixed grassland dominates most of the hillsides and the 
eastern grassland areas in the Buffer Zone (Figure 2). Studies have shown that commu- 
nities dominated by annuals have a greater fire frequency than areas dominated by per- 
ennials (Monsen 1994; Rosentreter 1994). The September 2, 1996 grassland fire in the 
south Buffer Zone was a lightning-caused wildfire that burned over 100 acres at the Site. 
This wildfire started in the mesic mixed grassland. From a fire mitigation standpoint, 
management of the type of vegetation present in the mesic mixed grassland is a signifi- 
cant concern. 

Based on the current state of the mesic mixed grassland, management and conservation of 
this community must take into consideration the factors mentioned above. Although not 
a high priority for specific management (K-H 1997), some actions could be taken to fur- 
ther improve the quality of the mesic mixed grassland. The effects of past overgrazing 
practices and the semi-arid climate will make resolving this problem challenging, because 
the cheatgrasses and other weed species (e.g., knapweed) are adapted to semi-arid 
climates found in their native Eurasia (Monsen 1994). Reseeding of cheatgrass-infested 
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areas with native forbs and grasses, combined with herbicide applications and appropriate 
useaf controlled bums, have shown some success in rehabilitating these types of areas 
(Monsen 1994). Increasing the moisture available for plant growth (e.g., irrigation), in 
conjunction with reseeding, would also help speed the recovery of the grassland (Clark et 
al. 1980). In order to sustain and preserve the native species diversity in the mesic mixed 
grassland, reduce the weeds, and reduce the wildfire potential at the Site, these and other 
possible management practices will need to be considered. 

Riparian Woodland 

Riparian woodland represents less than 1 percent of the total area of the Site, based on the 
1996 updated vegetation types map (Table 18; Figure 2). The riparian woodland sampled 
by the EcMP consisted generally of what, w e  classified in Figure 2 as riparian woodland, 
leadplant -riparian shrubland, and wiliow. rip$an shrubland. Although short upland 

j shrubland and small patches of short mGh,.wet meadow/marsh ecotone,-and Tal1 m'mh 
were occasionallyjnterspersed 'along the s t r e q  channels, .they were not included in &e 
total area determinations. This omission was made because these vegetation types occur 
in large areas away from the stream channel. The riparian woodland sites sampled during 
1993-95 included TR03, TR05, and TRlO (Figure 1). Because of the linear nature of the 
riparian woodland, transects at,these sites often were placed at different locations along 
the drainages to incorporate variations in the habitat present. Soil types in the riparian 
woodland areas are primarily Haverson loam and Engelwood clay loam (SCS 1980). 

I ,  

The riparian woodland had the highest species richness of all the communities, with a 
combined species richness of 196 species identified in 1995 (Table 4). The riparian 
woodland had only 73 percent native species (1995; Table 4), the lowest percentage of 
native species of all the native communities (excluding the reclaimed grassland). The 
lower percentage of native species in the riparian woodland was likely a result of past 
disturbances and land use. Grazing, which previously occurred in all drainages, would 
have allowed the introduction and establishment of some non-native species. Stream 
alteration (stream channelization, pond construction, riprap additions) in the Walnut 
Creek drainage at TR05 also would have destroyed some native habitat and created dis- 
turbed areas where non-native species could have become established. In general, the 
streams themselves provide a good mechanism for plant dispersal, which could also 
explain the higher non-native species richness along the riparian corridors. Increased 
wildlife densities and use of the riparian woodlands and shrubland areas by wildlife 
probably account for some of the greater percentage of non-native species, because the 
wildlife would act as seed dispersers. The highest number of species found in only one 
community. over the three years was in the riparian woodland (113 species; 82 percent 
native species; Table 5) and is best explained by the high moisture availability found in 
the ripariah woodland. Examination of the species found only in the riparian woodland 
revealed that many of the species were plants commonly found in wetlands at the Site 
(Table 5). The riparian woodland was the only community to show an increase in the 
percent of native foliar cover over the three-year period (Table 15). The riparian wood- 

' 
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land was also the only community sampled that had significant vertical stratification that 
included shrub and tree species (Table 8). The subjective selection of site locations make 
it difficult to draw any definitive conclusions about the differences in shrub and tree 
cover. The differences in frequency and foliar cover amounts for the dominant species in 
each drainage may reflect the manner in which sites were selected, rather than truly repre- 
senting differences between the drainages (Tables 13 and 14). 

Site TR05, in the Walnut Creek drainage, had the most depauperate flora of the three 
riparian woodland sites, with the lowest number of families and species represented 
(Tables 3 and 4). The number of species found at TR05 decreased over the three-year 
period, compared to the large number of additional species found at TR03 and TR10. 
The increase in species richness at TR03 and TRlO (Table 4), as well as at many other 
sites, was best explained as resulting from increasing familiarity of sampling personnel 
with1 the Site flora over time. No reason is apparent reason for a similar increase, in spe- 
cies richnksnot being found at TR05. Examination of the riparian sites’ species lists ). I 

revealed no particular pattern or group of specieslthat was missing from TROOS,.&er than , .: 
that TR05 had a lower percentage of native species richness (Table 3). TR05 also had,the 
lowest amounts of foliar cover, basal vegetation cover, and litter cover (Tables 7 and 12).. 

Many of the differences between the riparian woodland sites are probably best explained 
by historical land management practices, specific to each drainage, which have included 
such activities as grazing, stream channelization, and alteration of the water flow regime. 
Historical aerial photos taken in 1937 and 1951, before construction of Site facilities, 
show little riparian woodland development in all three drainages, with the exception of 
the very upper reaches of Rock Creek. By 1972, however, with the cessation of grazing 
and building of the industrial area, the aerial photos show trees beginning to grow in all 
three drainages. The 1972 photo also shows that while Rock Creek (TR03) and Smart 
Ditch (TR10) were left relatively untouched by human disturbances (and still are), Wal- 
nut Creek (TR05) was heavily impacted by the building of ponds and alteration of the 
stream channel in the bottom of the drainage and upland disturbances on nearby hillsides. 
These disturbances, along with the artificial flow regime present in Walnut Creek, 
probably account for much of the lowered species richness and greater impact of non- 
native species. 

I 

, , 

The riparian woodland community has been designated as a plant community of special 
concern (Great Plains Riparian Woodland) by the CNHP because of its increasing rarity 
due to overgrazing and development (CNHP 1995). Although it is affected somewhat at 
the Site, the community provides important habitat for many bird and m m , d  species, 
including a number of populations of the rare Preble’s meadow jumping mouse (K-H 
1996). 
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Reclaimed Grassland 

The reclaimed grassland community represents approximately 10 percent of the total area 
of the Site, based on the 1996 updated vegetation types map (Table 18; Figure 2). The 
reclaimed grassland sites sampled from 1993 through 1995 included TR07, TR08, and 
TRO9 (Figure 2), located in old farm fields in the southeast comer of the Site. Originally 
outside the 1950s Buffer Zone boundaries, the reclaimed grassland area was included in a 
1974 purchase that increased the size of the Buffer Zone, After purchase, the land was no 
longer farmed, and based on best estimates, was planted with reclamation seed mixtures 
in 1975 to prevent wind and water erosion. Soil types in the reclaimed grassland were 
classified as Standley-Nunn gravelly clay loams and Denver-Kutch clay loams (SCS 
1980). 

, .. . . . .  . I  . .  , , 2 :  

The reclaimed grassland, had the lowest sp&ies,richbess of all the communities (Table 4). 

consistentl;y',had the. lowest percent:.pative .species;richness.*of +I the Conipunities SF- , ; ,::. >-. % . .  .: 

, , I .  

. . .  . 

, ,  . . .  

It had, a combined, species .. richness of .  ;species: identified in 1995 (Table 4). The. 
. . ..* .reclaimed grassland. had.only a 59 peke 

. I) ." _. ' ,::., 
ative,.species .richness in 199S(TaFle. 4) h d  . .: :; ,, ' _ i. , *, I . , 

. :" * ,_ . 
. . pled during.the three-year period.: Only f o y  species, two of them qatiye,. were found 

.growing exclusively at the'reclaimed grassland sites,over the three years (Table 5). The 
predominant life and growth forms' of vegetation on the reclaimed grassland were peren- 
nial forbs and graminoids(T.able 4). 

. ' ,  '. 

The reclaimed grassland showed 59 percent native species richness in 1995 (Table 4), but 
taken alone, this statistic is misleading in describing the community composition. The 
most striking observation in the reclaimed grassland was the total domination of the 
community by two non-native perennial grasses, which were seeded approximately 20 
years ago. Smooth brome and intermediate wheatgrass had combined foliar cover 
amounts ranging from 73 to 97 percent of the vegetation cover at individual sites during 
the three years of sampling (Table 11). These two species provided a combined three- 
year mean foliar cover of 87 percent in the reclaimed grassland (Table 11). The fact that 
all native species combined provided only an average of 3 percent of the foliar cover in 
the reclaimed grassland (Tables 11 and 15), and less than 1 percent of the biomass (Table 
17), reveals the highly altered state of the community. Successionally, the return of the 
reclaimed grassland to a mesic mixed grassland has been retarded by the aggressive 
nature of these non-native species. Very few native species have been able to reestablish 
within the community (Tables 11 and 17). Also interesting was the low foliar cover of 
other weed species, such as the cheatgrasses, musk thistle, Canada thistle, and various 
mustards, which are more common in the mesic grasslands surrounding the reclaimed 
grassland areas (Table 11). The aggressive and competitive nature of smooth brome and 
intermediate wheatgrass allowed them to keep even the weeds out. 

Studies examining successional progression on old agricultural fields and abandoned 
roads on the eastern plains of Colorado suggest that 50 years or more are required for 
natural successional processes to return an abandoned field to its native state (Shantz 
1917; Reichhardt 1982; Costello 1944; Judd 1974; Albertson and Weaver 1944). How- 
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ever, many factors influence the speed at which recovery takes place. Distribution and 
timing of precipitation, wind movement and drifting soils, the number of years of culti- 
vation, surrounding land use, grazing pressure, type of grazer, rodents, insects, topogra- 
phy, slope, and soil types are all important factors that affect the recovery rates of 
grasslands in eastern Colorado (Costello 1944). Direct comparison of the reclaimed 
grassland at the Site to the successional stages described in these studies is complicated 
by the fact that the reclaimed grassland was seeded, not simply abandoned. The planted 
species would certainly have an influence on what native or non-native species have been 
able to re-establish. However, some important lessons can be learned that may be appli- 
cable to future revegetation concerns at the Site. Four to six successional stages were 
identified in three of the earlier studies (Judd 1974; Shantz 1917; Costello 1944; Table 
19). 

Basedon the natural succession rates in Table 19, the reclaimed grassland should have, -$ 

b&n nearing 'the .early stages of a perennial climax mixed prairie co 
' had' been done to the old agricultural fields (based on 20 years of*gro 

occupied by the reclaimed grassland is thought to have been a mesic mixed"grass1and 
prior to cultivation, and thus, the climax species would be more of a shortgrass/midgrass 
mix composed of blue grama and western wheatgrass, along with other native species 
typically found in the mesic mixed grassland at the Site today. However, the species 
richness and composition of the reclaimed grassland today remains considerably different 
from the mesic mixed grassland at the Site (Tables 3, 10, 11, and 17). Species richness in 
the reclaimed grassland was less than half of that in the mesic mixed grassland, and 
although 62 percent of the reclaimed grassland species were native, native foliar cover 
was only one-twentieth, and native biomass less than one-sixtieth, of that found in the 
mesic mixed grassland (Tables 3, 11, and 17). The planting of smooth brome and inter- 
mediate wheatgrass has dramatically inhibited the natural succession of these old fields to 
a more native grassland. Based on the current status of the reclaimed grassland, it could 
potentially take a century or more, depending on the factors listed above, for it to return to 
its native state. It may never do so without intervention to re-establish the native species. 
This is important to note, in light of the DOE'S goal of preserving the ecological 
resources and improving degraded habitat at the Site. 

% . I 

As Site cleanup progresses and the revegetation of caps and disturbed areas is planned, 
serious consideration must be given to the seed mixtures used for revegetation. It should 
be obvious from the reclaimed grassland data that smooth brome and intermediate 
wheatgrass should not be planted at the Site for any revegetation purposes. Besides 
retarding re-establishment of the native prairie, as previously mentioned, the recl&med 
grassland has lower potential for erosion control because of its lower basal vegetation 
cover and higher amounts of bare ground, compared to the native mesic mixed grassland 
(Table 7). Revegetation with native species and re-establishment of the native grassland 
communities, as well as possible, will provide the best long-term solutions in terms of 
both ecological and practical functionality. The use of native species will also comply 
with DOE orders and with the Ecological Resource Management Plan for the Site (K-H 
1997). For short-term ground and erosion cover, annual species such as common rye 
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(Secale cereale) or cultivated oats (Avena fafua var. sativa) could be used. These species 
survive only a year and do not replace the native species in the plant communities. 

The findings from the reclaimed grassland agree with other studies that have examined 
the dominance of smooth brome in native prairie ecosystems (Grilz and Romo 1994; 
Blankespoor and Larson 1994; Sather 1988). Sather (1988) outlined the threats posed by 
smooth brome being used as a revegetation species and reported on its invasive, aggres- 
sive ability to dominate plant communities, replacing the native species. Blankespoor 
and Larson (1994) and Grilz and Romo (1994) studied the response of smooth brome to 
fire in an attempt to identify management techniques that would reduce the competitive 
nature of the species. Blankespoor and Larson (1994), in studying a tallgrass prairie rem- 
nant dominated by warm-season grasses, found that spring burning with either high or 
low water availability decreased the amounts of smooth brome in the plant community. 
However, without burning, the smooth brome increased under both high and low water 
availability. Grilz and Romo (1994) foundlno’ significant difference in smooth brome 

1 knounts between control and tiurn treatmen& on a Fescue-dominated gras&hdTcool sea- 
L *, 

;. t .  songrasses). . ‘ . . -  . . a  

’ ,  

The species composition of the native grassland has a significant effect in determining 
how successful the use of fire will be in controlling the smooth brome, which itself is a 
cool-season grass species (Sather 1988). This information has important consequences at 
the Site in terms of managing the reclaimed grassland. Although it may not be a high 
priority to reclaim the grassland back to a more native state, the larger problem may be 
preventing its expansion at the Site. Nelson (1996) observed that in some locations 
where smooth brome has been planted to revegetate disturbances, there are “islands” of 
nearly pure stands of smooth brome established in the native grasslands downwind of the 
revegetated areas. Additionally, Murdock (1996), based on observations from 1991 to 
1996, suggested that even in areas isolated from historical revegetation efforts at the Site, 
smooth brome has become established in dense patches, which appeared to expand over 
the years. Additional monitoring is necessary to determine if these “islands” are actually 
expanding and whether new “islands” are being created, further degrading the native 
grasslands at the Site. Because DOE’S goal is to maintain and sustain the current eco- 
logical resources at the Site, future control efforts may be necessary to prevent the spread 
of smooth brome into the native plant communities. Potential actions that could be taken 
might include reseeding the reclaimed grassland with native species, irrigating the field to 
help re-establish native species, treating with herbicides, treatments using controlled 
bums, or designing a combination of these techniques. 
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The EcMP sampled the xeric mixed grassland, mesic mixed grassland, reclaimed grass- 
land, and riparian woodland communities at the Site from 1993 through 1995, character- 
izing species richness, vegetative cover, and biomass production (no biomass sampling 
was conducted in the riparian woodland community). Many other plant communities at 
the Site were not sampled. The data revealed differences in the vegetation between the 
four communities: 

. .  . . v  ' I The xeric mixed grassland had the highest number of native species 
. &d the highest percent vegetation cover and biom'ass production-, by. ' ~ " '" ' . , .  ...._ c \ 2 . ' . ,  

. ,( . . .  . , . ., .. , , '. i . I ' . .-... ,,.; bi I '  ,L t!,% -. , ,  . .!, I ;.,'..._I nati<e 'i&,ies, indicating its high :;'duality the &-n&i:' 
. .  

. r  , _ . .  . . .  
. .  

&&pled: The high coverand biomass'amounts of the tallgkg prairie 
species-big bluestem and little bluestem-at locations in the xeric 
mixed grassland were instrumental in helping to identify the tallgrass 
prairie relict at the Site as a unique ecological resource worthy of pro- 
tection. 

The mesic mixed grassland, while still containing a large remnant of 
the native flora, was somewhat degraded by the high cover and bio- 
mass amounts of cheatgrass, likely brought about by past overgrazing. 
Control and reduction of the cheatgrass and other weeds in the mesic 
mixed grassland would greatly improve the quality of this community. 

The woodlands and shrublands in the riparian community at the Site 
have developed largely since the DOE purchased the property, ended 
grazing, and in some cases, altered stream channels and stream flow. 
The riparian community, while having the highest species richness of 
all the communities, also had the lowest percentage of native species. 
Native cover in the riparian community was similar to that found in the 
mesic mixed grassland, indicating its somewhat degraded quality. 

The reclaimed grassland, an area of old agricultural fields, was shown 
to be a greatly altered community. It had the lowest species richness, 
lowest percentage of native species, and lowest amounts of native 
vegetation cover and biomass of all the communities. Based on its 
current successional state, with no intervention, it is estimated that the 
reclaimed grassland could take more than 100 years to resemble the 
more native grasslands at the Site, because of the aggressive nature of 
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the smooth brome and intermediate wheatgrass that dominate the area. 
The presence of a smooth brome seed source at the Site may also pose 
a continued threat to the native grassland communities at the Site. 

,. .: 

. .  
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TABLE 1. ECMP SAMPLE SITE CODES, COMMUNITY TYPE, 

AND WATERSHED DESIGNATIONS 

Community Type 

Watershed Xeric Mesic Riparian Reclaimed 

Rock Creek TRO 1 TR02 TR03 

Walnut Creek TR06 TR04 TR05 

Smart Ditch TR12 TR11 TR10 TR07, TR08, 

TR09 

' I  , . .  . I , .  , . .; , 1 ,  . .  . ~ , . .  

... . 

. .  
. .  

. .  . .  e . :  

, 

. .  
. .  C .  , .., .*  , ~,~ . .. , , ,.. . . . .  

I Wafamgm((ch3e~yVab I62 ,da  



TABLE 2. VEGETATION SAMPLING CONDUCTED AT 
EcMP TRANSECTS, 1993-1995 

Sample Type Spring Summer Spring Summer Spring Summer 
1993 1993 1994 1994 1995 1995 

Species Richness X X X X X X 
(Belt transects) 

Cover 
(Point-intercept 
transects) 

X X X 

. .  - , ,  ,;;.'. . X . -  u 

-:. ' . , .: 
. .  

I . . r .  ' . , . .I . 
. . . .  

. ) .  ic a ,  . _  . Biomass 
(Production plots) '' . 

Plant Nutrient . : .' 
Analysis 
(Production plots) 
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TABLE 3. SPECIES RICHNESS COMPARISONS AT ECMP SITES FOR 1993,1994.81 1995 
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Ccrastium awensa L. CEARl Y 

Psronychia lamesii T. & G.Jamcs PAJAl Y X X X X X X X X X  X 

Silene antirrhina 1. SlANl Y X X X x x  x x  x x  
Silene drummondti Hook. SlDRl Y X X X X X X X X X  X X 

Stellaria tonoifolia Muhl. ex. Wdld. STLOI Y X 

1 . -  

Vaccana pyramidate Medic. VAPYl N X 

CHENOPODIACEAE 

Chcnopodiacoae up. CH 1 X X 

Chenopodium album 1. CHALl N X 
Chenopodium leptophvllum Nutt. ox Moq. CHLEZ Y x x x  x x x x x x x x x x  
CLUSIACEAE 

Hypericum perforatum L. HYPE1 N X X X X X X X X X X X X X X  X X X X X X X X X X X X X X X  

COMMELINACEAE 

Trodeacentia occidentolis IBritt.1 Smyth TROCl Y X X x x  x x  x x  
CONVOLVULACEAE 

Cslyaregium repium I1 I R C sap inoulrto Brummttt CASE1 Y X 

Convolvulus arvensis 1 COARl N X x x x  x x x x x  x x x x x x x x x x x x  
Evolvulus nuttallisnus R & S EVNUl Y x x  x x x x  x x x x  
CRASSULACEAE -3 

Sedum Ianceolafum Torr SELAl Y X 

CYPERACEAE 

Carex brewor (Dew I Mack ex Luncll CABRl Y X X X 

Carsx elsocheris Berlsv CAELl Y X X x x  x x x x x x x  x x  
Carex Iililotia Nutt. CAFll Y x x  
Carex heliophile Meck. C A H E I Y  X X  X X  X X  X X  X x x  

_ _  

X Carex interior Bailey CAIN1 Y 

Carox lsnuginosa Michx. CALAl Y x x  x 
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SPEC- 

SCIENTIFIC NAME CODE 

Sitanion hyatrix (Nutt.) Sm. SlHYl 

Sorghaatrum nutanr 1L.l Naah SONUl 

Sporobolua aapcr IMichx.1 Kunth SPAS1 

Sporobolua cryptsndrua 1Torr.I A. Gray SPCRl 

Sporobolua heterolepts IA. Gravl A. Grav SPHEl 

Sporobolus 8p. SPOl 

Sphcnopholia obturate 1Michx.I Scribn. SPOBl 

Spertina pectinata Link SPPEl 

Stipa comata Trin. & Rupr. STCOl 

st ipr  up STl l  

Xerio Shes M n i o  Sits. Riparian Sit- Rcebtmed Sites 

N 
A 
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T  
I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R  
v 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0  
E 1 1 1 8 8 8 2 2 2 2 2 2 4 4 4 1 1 1 3 3 3 5 5 5 0 0 0 7 7 7 8 8 8 9 9 9  

9 3  94 95 93 94 95 93  94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 9 4  95 93 94 95 93 9 4  95 

Y X X X X X X X X X X X X X x x x  X X 

Y X X X x x x  
Y X 

Y x x  X x x  
Y x x X x x  

X 

Y x x  
'X x x Y 

Y X X K X X X X X X X X X ' X ' X  X X X X X X x x  
X X 
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TABLE 3. (cont.1 
Xed0 Sitem Mesh Sile. Ripadan Sitam Reclaimed Sites 

N 
A 
T T T T T T T T T T T T T T , T T T T T T T T T T T T l T T T T T T T T T T  
I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R  
v 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0  

SPEC- E 1 1 1 8 6 6 2 2 2 2 2 2 4 4 4 1 1 1 3 3 3 6 S 6 0 0 0 7 1 1 8 8 8 9 9 9  
SCIENTIFIC NAME CODE 93 94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 94 95 93 94 96 93 94 95 93 94 96 93 94 95 93 94 95 

Delphinium nuttalianum Pritr. ex Walpers DENUl Y \ -+ - X 

Delphinium vlreicena Nutt. DEVI1 Y X X X 

Delphinrum sp. DEL1 X X 

Ranunculus macounii Britt. RAMAl  Y x x  x x  
ROSACEAE 

Agrimonia striata Michx. AGSTZ Y X 

Cratoegur erythropoda Ashe CRERl Y x x x  X 

Geum macrophyllum Willd. GEMAl Y x x x  x x x x  
Geum ap. GEUI X 

Potsntilla fissa Nutt. POFll Y X x x  
Potentilla grecilio Dougl. ex Hook. W G R l  Y X X X x x  X X 

Potsntilla htppiana Lahm. W H l l  Y X X X X X X 

Prunus vlrginiana L PRVll Y x x x  x x x  
Rosa aciculo~is Lindl ROACl Y X X X X x -  x x  
Rosa arknnsann Porter ROAR1 Y x x  x x  x x  x x  x x  x x  
Roan woodaii Lmdl ROW01 Y x x x  x x x x x  
RUBIACEAE 

Galtum aparine L. GAAPl Y X X X 

Gnlium borcale L. GAB01 Y X X 

SALICACEAE 

Populu:, x acuminata Rydb. POACl Y x x  
Populua deltoidas Marsh. vir occidontrlir Rydb. PODEl Y x x x x x x x x x  
Salix amygdaloides Andersa. SAAMl Y x x x x x x x x x  
Salix cxtgun Nut1 sop. interior (Rowlcel Cronq. SAEXl Y x x x x x x x x x  
Salix lutea Nutt. vnr. Iigulilolia Ball SALUl Y X 

Comandra umbellate (L.) Nutt. COUMl V X X X X X x x  x X x x  X 

SANTALACEAE 

SCROPHULARIACEAE 

Casttlleja integra A. Gray CAIN2 Y X 

. .  , .  . _ .  .. . . . . . - . .  . 
,. , ,..- - . , : . .  . . . , . . . . . . . .  . I  

-~ 
. .  

. ;. 
..- .. 
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TABLE 4. (cont.1 

Community values based on all 3 sites combined. 
Site values are the actual number of species from a site except where the column heading indicates otherwise. , 

Mean =average of 3 site values. 
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. I  . .  Community values based on all 3 sites combined. . ...: . . 

Site values are the actual number of species from a site except where the column heading indicates otherwise. : ' . 

Mean =average of 3 site values. 
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TABLE 5. PLANT SPECIES RESTRICTED TO SPECIFIC COMMUNITIES FROM 1993-1995 ECMP SITE DATA 

NATIVE COMMUNITY SCIENTIFIC NAME CODE 

MESIC GRASSLAND COMMUNITY 116 species) 
APIACEAE Musineon divaricatum (Pursh.) Nutt. ex T. & G. MUD1 1 Y 
ASTERACEAE Crepis occidentalis Nutt. CROCl Y 
ASTERACEAE Picradeniopsis oppositifolia (Nutt.) Rydb. PlOPl Y 
ASTERACEAE Taraxacum laevigatum (Willd.) DC. TALA1 N 
BRASSICACEAE Arabis fendleri (S. Wats.) Greene ARFEB Y 
BRASSICACEAE Erysimum repandum L. ERREl N 
CACTACEAE Opuntia polyacantha Haw. OPPOl Y 
CAMPANULACEAE Triodanis leptocarpa (Nutt.) Nieuw. TRLEl Y 
CY PERACEAE Carex interior Bailey CAIN1 Y 
EUPHORBIACEAE Euphorbia dentate Michx. EUDEl Y 

Euphorbia marginate Pursh. EUMAl  Y 
EUPHORBIACEAE , Euphorbia spathulata Lam. ' , . .  .' , EUSPl . Y  - 

FEOCl ,. I .. POACEAE . .  

88% 

EUPHORBIACEAE 

LAMIACEAE 
Festuca octoflora'Walt.' ' ' ' 'Y  

POLEMONIACEAE- '' ., '. . ' .  'Collomia linearis Nutt. . , , . ; 
POLEMONIACEAE ' ,:. . , Microsteris gracilis (Hook.) Gre 

SCBRl Y 
:. 'y , ,,;- 

, . Scutellaria brittonii Porter , 

: ,coal- ' , , '  . :::;:y.! L :,:. I ' ' 

.... T MlGRl  I. . .:,. ,Y. . . . . . . . . .  ' 

. .  

. .  
. . .  

. .  . .  : .: :, ' !  . .  . . . . . . . .  . . . . .  , . .  . . .  . . .  li 

ASTERACEAE Senecio t,ridenticuletus.Rydb. . , '  . " . . . . .  i 

4 I .  

CARYOPHYLLACEAE '' Vadcaria pyramidata Medic. .. VAPY 1 
FABACEAE 
FABACEAE 

ASPA; Y 
I ,  

I *  

Astragalus' parryi'Gray 
Medicago sativa L. MESA1 N 

. . ,.. 

RIPARIAN COMMUNITY (1 13 species) 82% 
ANACAROIACEAE Toxicodendron rydbergii (Smell ex Rydberg) Greene TORY 1 Y 
APIACEAE Cicuta maculata L. 
APIACEAE Conium maculatum L. 
APIACEAE Heracleum sphondylium L. 
APOCYNACEAE Apocynum cannabinum L. 
ASCLEPIADACEAE Asclepias incarnate L. 
ASTERACEAE Arctium minus Bernh. 
ASTERACEAE Aster hesperius A. Gray 
ASTERACEAE Aster laevis L. 
ASTERACEAE 
ASTERACEAE Bidens frondosa L. 
ASTER ACEAE 
ASTERACEAE Conyza canadensis (L.) Cronq. 
ASTERACEAE Iva axillaris Pursh. 
ASTERACEAE Lactuca oblongifolia Nutt. 
ASTERACEAE Solidago gigantea Ait. 
ASTERACEAE 
ASTERACEAE Sonchus asper (L.1 Hill 
ASTERACEAE 
ASTERACEAE Xanthium strumarium L. 
BORAGINACEAE Cynoglossum officinale L. 
BRASSICACEAE Carderia chalepensis (L.) Hand-Mazz 
BRASSICACEAE Nasturtium officinale R. Br. 
BRASSICACEAE Physaria vitulifera Rydb. 
CAMPANULACEAE Campanula rotundifolia L. 
CAMPANULACE AE Lobelia siphilitica L. 
CAPRIFOLIACEAE Symphoricarpos occidentalis Hook. 
CARYOPHYLLACEAE Cerastium arvense L. 
CONVOLVULACEAE 
CYPERACEAE 
CYPERACEAE Carex lanuginosa Michx. 
CYPERACEAE Carex nebraskensis Dew. 

Aster occidentalis (Nutt.) T. & G. 

Cirsiurn vulgare (Savi) Ten. 

Sonchus arvensis L. ssp. uglinosus (Bieb.) Nyman 

Stephenomeria pauciflora (Torr.) A. Nels. 

Calystegia sepium (L.) R. Br. ssp. angulata Brummitt 
Carex brevior [Dew.) Mack. ex Lunell. 

4/30/97 TABLE5.XLS 

ClMA 1 
COMA1 
HESPl 
APCAl  
ASlN l  
ARM11 
ASHE1 
ASLA 1 
ASOCl 
BlFRl 
ClVUl  
COCA 1 
WAX1 
LAOBl  
S O G l l  
SOAR2 
SOASl  
STPAl  
XAST l  
CYOFl 
CACHl  
NAOFl  
PHVl l  
CAR01 
LOSl l  
SY oc 1 
CEARl 
CASE1 
CABRl 
CALA l  
CANE1 

Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
N 
N 
Y 
Y 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y - 



TABLE 5. (cont.1 

SPECIES 
COMMUNITY SCIENTIFIC NAME CODE NATIVE 
CYPER ACEAE Carex praegracilis W. Boott. CAPR1 Y 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
CYPERACEAE 
ECIUISETACEAE 
EOUISETACEAE 
ECIUISETACEAE 
EUPHORBIACEAE 
FABACEAE ~ 

FABACEAE 
FABACEAE , + * 

FABACEAE 

GROSSULARIACEAE 
I R I D A C E A E 
JUNCACEAE 
'JUNCACEAE 
JUNCACEAE 
JUNCACEAE 
LAMIACEAE 
LAMIACEAE 
LAMIACEAE 
LAMIACEAE 
LEMNACEAE 
LlLl ACEAE 
ONAGRACEAE 
ONAGRACEAE 
ONAGRACEAE 
OXALIDACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POACEAE 
POLYG ONACEAE 
POLYGONACEAE 

GERANIACEAE . 

Carex rostrata Stokes ex Willd. 
Carex simulate Mack. 
Carex stipata Muhl. 
Eleocharis acicularis (L.) R. & S. 
Ueocharis macrostachya Britt. 
Eleochark parvule Link ex Boff. & Ringerbr. 
Scirpus americana Pers. 
Scirpus pellidus (Britt.) Fern 
Scirpus validus Vahl. 
Equisetum arvense L. 
Equisetum hyemale L. 
Equisetum laevigetum A. Br. 
Euphorbia serpyllifolia Pers. 
Amorpha fruticosa L. 
Glycyrrhiza lepidota Pursh. 

Thermopsis rhornbifolia ver. divaricarpa, (Nels.)-lselli.';. . 
' Geranium caespitosum: James ssp.,ca&pitosum James ,, 

Lupinus argenteus Pursh. '. *c :, . . :  

! *  
, Ribes,Odoratum Wen& $ .  . , ,.. 
Sisyrinchium montanum Greene I .  . ,,. .\ :. . , ... . . 

, .... ? . ! .  , .:. Juncus balticus Willd. . , 

Juncus ensifolius Wikst. var. montanus 'IEnglm.) C. L. Hitchc. 
Juncus interior Wieg. 
Juncus nodosus L. 
Lycopus americanus Muhl. ex Barton 
Mentha ervensis L. 
Monarda fistulosa L. 
Prunella vulgaris L. 
Lemna minor L. 
Asparagus officinalis L. 
Epilobium ciliatum Raf. 
Gaura parviflora Dougl. 
Oenothera biennis L. 
Oxalis dillenii Jacq. 
Agropyron caninum (L.) Beauv. ssp. majus IVasey) C. L. Hitchc. 
Agropyron repens (L.) Beauv. 
Agrostis stolonifera L. 
Dactylis glomerata L. , 
Echinochloa crusgellii IL.) Beauv. 
Elymus canadensis L. 
Festuca prafensis Huds. 
Glyceria grandis S. Wats. ex A. Gray 
Glyceria striata (Lam.) Hitchc. 
Leersia oryzoides (L.) Sw. 
Muhlenbergia filiforrnis (Thurb.) Rydb. 
Muhlenbergia racemosa (Michx.) B. S. P. 
Penicum capillare L. 
Penicum virgatum L. 
Phleum pratense L. 
Poa palustris L. 
Schedonnardus paniculatus (Nutt.1 Trel. 
Spartina pectineta Link 
Sphenopholis obtusata (Michx.) Scribn. 
Sporobolus asper 1Michx.l Kunth 
Stipa robusta (Vasey) Scribn. 
Polygonum lapathifolium L. 
Rumex crispus L. 

' . .  . / .  

CAR02 
CAS11 
CAST1 
ELACl 
ELMA1 
ELPAl 
SCAM1 
SCPAl 
SCVAl  
EQARl 
EQHYl 
EQLA 1 

. EUSE1 , 

' AMFRl 
. ' GLLEl 

LUARI . :: . . .'? 
. I  

' .., :THFWl . . , .  . 

. .. -,;;,c*,,', _ - .  .'.GECAl, - 
. . .. 

.; ' 

.*.., , a '  . a  ~ l b ~ 1 '  .. 

. .  
, , .  

. .  
S lM01 ' 

-. JUBAl  , '  

JUENl 
JUlNl 
JUNOl 
L Y A M l  ' 

MEARl 
MOFl1 
PRVUl 
LEMll  
ASOFl 
EPCt 1 
GAPAl  
OEM1 
OXDll  
AGCAl 
ACRE1 
AGSTl 
DAGLl 
ECCRl 
ELCAl 
FEPR 1 
GLGRl 
G LST 1 
LEORl 
MUFl l  
MURAl  
PACA1 
PAW1 
PHPRl 
POPAl 
SCPAZ 
SPPEl 

SPAS1 
STROl 
POLAl 
RUCRl 

s p o e i  

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y .  

. y  
Y 
Y .  
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
N 
Y 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
V POLYG ONACEAE Rumex mexicanus Meisn. RUMEl 
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TABLE 5. (cont.) 

SPECIES 
COMMUNITY SCIENTIFIC NAME CODE NATIVE 
POLYGONACEAE Rumex obtusifolius L. RUOBl N 
PRIMULACEAE 
RANUNCULACEAE 
RANUNCULACEAE 
ROSACEAE 
ROSACEAE 
ROSACEAE 
ROSACEAE 
ROSACEAE 
RUBIACEAE 
RUBIACEAE 
SALICACEAE 
SALICACEAE 
SALICACEAE 
SALICACEAE 
SALICACEAE 
SCROPHULARIACEAE 
SCROPHULARIACEAE' 
SCROPHULARIACEAE 
SCROPHULARIACEAE 
SCROPHULARI ACEAE 
SELAGINELLACEAE 
VEREENACEAE 

Lysimachia Ciliata L. 
Delphinium nuttalianum Pritz. ex Walpers 
Ranunculus macounii Brit!. 
Agrimonie striata Michx. 
Crataegus erythropoda Ashe 
Geum macrophyllum Willd. 
Prunus virginiana L. 
Rosa woodsii Lindl. 
Galium aparine L. 
Galium boreele L. 
Populus deltoides Marsh. var occidentalis Rydb. 
Populus x acuminate Rydb. 
Salix amygdaloides Anderss. 
Salix exigua Nutt. ssp. interior (Rowlee) Cronq. 
Salix lutea Nutt. 

,Castilleja sessiliflora Pursh. 6 I' 

'Mimulus glabratus H. 8. K. var. fremontti IBenth.1 A. L. Grant 
Scrophularia lanceolata Pursh. ( i  1 -. 
Veronica americana (Raf.1 Schwein. ex Eenth. 
Veronica anagallis-aquatica L. 
Selaginella densa Rydb. 
Verbena hastata L. 

LYCl l  
DENU1 
R A M A l  
AGST2 
CRERl 
G EMA 1 
PRVll 
ROW01 
GAAPl  
GAB01 
PODEl 
POACl 
S A A M l  
SAEXl 
SALUl  
CASE3 
MIGL1 

-sciX2 
VEAMl 
VEANl 
SEDEl 
VEHAl 

XERIC MIXED GRASSLAND COMMUNITY 123 species) 
ASTERACEAE Antennaria microphylla Rydb. ANMl l  Y 
ASTERACEAE Chrysanthemum leucanthemum L. CHLEl N 
ASTERACEAE Gaillardia aristata Pursh. GAARl  Y 
ASTERACEAE Helianthus rigidus (Cass.1 Oesf. ssp. subrhornboideus (Rydb.) Heiser HER11 Y 
ASTERACEAE Solidago nemoralis Ait. SONE1 Y 
ASTERACEAE Townsendia grandiflora (Nutt.) TOGRl Y 
ASTER ACEAE Townsendia hookeri Beamen TOHOl Y 
BRASSICACE AE Arabis hirsuta (L.) Scop. var. pynocarpa (Hopkins) Rollins ARHll  Y 
CARYOPHYLLACEAE Arenarie fendleri A. Gray ARFE2 Y 
CARYOPHYLLACEAE Stellaria longifolia Muhl. ex Willd. ' STLOl Y 
CHENOPODIACEAE Chenopodium album L. CHALl N 
CRASSULACEAE Sedum lanceolatum Torr. SELAl Y 
CYPERACEAE Carex filifolia Nutt. CAFl l  Y 
FABACEAE Astragalus missouriensis Nutt. ASMl l  Y 
ONAGRACEAE Calylophus serrulatus (Nutt.) Raven CASE2 Y 
POACEAE Muhlenbergia torreyi (Kunthl Hitchc. ex Bush MUTOl Y 
POACEAE Poa canbyi (Scribn.) Piper POCA 1 Y 
POACEAE Sorghastrum nutans (L.1 Nash SONUl Y 
POACEAE Stipa neomexicana (Thur.) Scribn. STNEl Y 
POLEMONIACEAE lpomopsis spicata (Nutt.) V. Grant IPSPl Y 
PORTULACACEAE Talinum parviflorum Nutt. TAPA 1 Y 
PRIMULACEAE Androsece occidentalis Pursh. ANOCl Y 
ROSACEAE Potentilla fissa Nutt. POFll Y 

Note: Those species identified only to genus or family which only occurred in one community were not included in this list. 

91% 
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TABLE 6. WOODY STEM AND CACTUS DENSITIES AT ECMP SITES (1993-1995) 

Cactus Density (cactilm') Woody Stem Density (stems/mzl 

TRO 1 0.520 0.790 1.720 1.01 0 0.004 0.002 0.002 0.003 
TR06 
TRl2 

TR02 
TR04 
TRll 

TR03 
TR05 
TR10 

,Me$$@x@yrassia& : ,.: ,,:;+, :?' 
_ .  . 

.... :..: ..................... 
Rlp.$aoyQodj.a.ild .: . . . . . . . .  

'Recr8;m:8d';:&jfass, a "d 
.... .... ...... .,.... ....... 5 ........ 
TR07 
TR08 

0.190 0.210 0.240 
1.090 0.950 1.210 

. .  

0.270 0.240 0.250 
0.320 0 

0.070 0 
0.000 0.000 0.000 

0.050 

0.010 0.010 0.004 
0.000 0.000 0.002 

();03,$j,:::, 0.'. 

:. .,@Ol'Q' 

0.21 3 0.160. , 0.110 0.240 0.170 
1.083 0.000 . '  0.000 0.000 0.000 

0.383 1.577 
0.253 0.460 0.670 0.790 0.640 

0.520 0.387 0.410 0.600 0.550 

0.093 5.960 . 5.450 6.860 6.090 

q$:::'. 
..A,. ...... p& 

0.000 5.540 .. , 5.240 4.280 5.020 
0 

0.008 0.002 0.002 0.002 
0.001 0.010 .- 0.004 0.004 0.006 

:v 
I TR09 0.020 0.010 0.010 0.01 3 .o.ooo 'I 0.000 0.000 0.000 i 

Site values are based on n = 5. 
Community values are based on n = 15. . .  . . . . .  

. . . . . . . .  .: 
- . .; , .  ............. .*_ . .  . . . . .  

'. . 
. .  

. .  . .  

. . . . . .  
2 .  

I .  

> . .  , 

- L  . 
. .  

. . . . . . . . .  . . . . . .  - .  
. . ",', ; ;., .. 

.. ( : I  ... 
. .- . r : ,  ...c : . .  . .  . , I . .  ... . .  . . >  . .  

. _  .. . ; . . . . .  - . . .  . .  :.. :.. .. . . . .  
. . . . .  ,.. - :  

. . .  

. . .  

. ,  
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TABLE 7. ECMP BASAL COVER AMOUNTS BY SITE AND COMMUNITY (1 994-1 9951 

. ,.,. . . . . . . . . . . . . TR12 
xeg :Gr&aland $&rpmlni$$ 

TR04 

oodlahd Community ' . 

. -  
e .  

. I  

.. : ..̂  . . , - .- . 
, . , . .  . . .  

. .  . .  
. .  

.~ . .. 
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TABLE 8. TOTAL FOLIAR, SHRUB, AND TREE COVER MEANS 
AT ECMP COMMUNITIES (1 993-1 995) 

Cover Type Community 1993 1994 1995 93-95 Mean 

Foliar Xeric 76 87 88.7 83.9 
Foliar Mesic 75 91 97 87.7 
Foliar Riparian 61 66 77 68.0 
Foliar Reclaimed 61 80 86 75.7 

Shrub Xeric NA 1 1 1 .o 

Shrub Riparian NA 40 39 39.5 
Shrub Reclaimed NA 0 0 0.0 

Tree Xeric NA 0 0 0:o ' 

0.0 . , , Tree Mesic NA 0 0 
19.0'. , ;- Riparian . . NA . 19 ' , 19 . .. . : Tree . A  . 

1 ' -  Tree' Reclaimed ' NA ' ' ' .: 0 ' ' . ' I  0 . 0.0 ' -.. -. _ ,  ~ I .  -I  

Shrub Mesic NA 1 2 1.5 

. _  ' .  , . .I i 
- . . .,. 

I , .  . .  

. . . , . , . . . .  . , I  

. .  

. .  . ,  
. ... 

.. ' r 
. .  ! .  . I  

NA = not available 
Community means based on n = 15 
Values are percentages. 
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TABLE 9. FOLIAR COVER COMPARISONS AT XERIC MIXED GRASSLAND ECMP SITES FOR 1993,1994, AND io95 

I 

I 

? 

! 

I 

I 

i 
I 
i 
I 
! 

1 
I 
! 

! 

I 

! 
I 
I 
I 
! 
i 

1 

I 1 
S 
P 
E 
C 
C 
0 
D 
E 

SCIENTIFIC NAME 
AGAVACEAE 
Yucca ~lauca Null. YUGLl 
APIACEAE 
Lomollurn odentole Coull. & Rose 
ASCELPWACEAE 

L O O R  I 

Descurolnla dchordsonll Sweel Schullz DERll 
E lmumos etum ull. DC. 
Le Wiums . 
Le uerella montono A. Gro Wals. LEMOl 
Slr Mum alllsrlmum L. SlALl 

4/23/97 TABLE9.XLS See last page for column heading explanations. 
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TABLE 9. FOLIAR COVER COMPARISONS AT XERIC MIXED GRASSLAND ECMP SITES FOR 1993,1994, AND 1995 .. 

I- 
F 

S R 
P E 

I 
I 

- 

R 
E 
L 
A C  

I V  
V E  
E R  

r o  

- - 
- 
- 
- 
- 
3.31 
0.71 

0.24 

- 
- 
- 
- 
- 
- - 
5.91 - 
- - 

I I  I I  
20 10.84 1 0.6 I I 
1001 4.2 I 3 80 12.961 2.4 80 2.36 2 

TRO1-94 
F F 
R R  A R 
E E  8 E 
Q L  S Q 
U A C O C  U 

N I V U V  N 

Y E R E R  Y 

E r o i o  E 

c V E T E  c 

I I  
I 
I 
I 
I 

100 6.65 I 5.4 80 
20 0.251 0.2 60 

40 0.74 0.6 20 

I I  

I I  
100 I 6.4 I 5.2 

I I  

100 

I I  I 1  1 1  
I t  I I  I I  
I 1 20 10.25 I 0.2 I I  

XI 
i lR06.93 

F 
A R R  A 
B E E - B  
S Q L  S 
O C  U A C O C  

U V  N I V U V  
T E  C V E T E  
E R  Y E R E R  

L O  E r o i c  

I I  
I 

I 
I I 1  

I 
20 0.24 0.2 

80 I 1.4 I 1 I 40 10.491 0.4 I 60 10.951 0.8 
40 I 0.56 1 0 4 I 80 I 2.71 I 2.2 I 100 I 2.6 1 2.2 

I I  I 

I 
60 1 0.79 0.6 20 10.22 0.2 

20 0.26 0.2 20 0.22 0.2 
< 

, , -  

I I 
20 1 0.79 1 0.6 20 10.22 1 0.2 
40 I 0.79 I 0.6 20 0.89 I 0.81 
40 1 0.79 I 0.6 40 0.89 I 0.8 
20 0.26 0.2 40 0.67 I 0.6 
80 1.57 1.2 I I 
60 1.31 1 40 10.67 I 0.6 

I 
. I  I I 

I I  I 
60 I 1.081 1 100 14.24 3.4 80 

20 0.65 I 0.6 I i  
'40 1.081 1 100 1 14.7 I 11.8 100 
80 1.52 I 1.4 100 15.491 4.4 100 

I 
I I I I I I  

40 10.65 I 0.6 I 60 I 1 I 0.8 I 80 
401  1.31 1.2110012.7412.2180 

$ 
E R E R  

I 
TztG 

AI 
0.44 I 0.4 

I - 
I 

I I 
I 

I 
0.22 I 0.2 

10.4 I 9.4 

lRl2-95 
F 
R R  A 
E E  B 
Q L  S 
U A C O C  

N I V U V  
C V E T €  
Y E R E R  

E r o i o  

I I  
I I  
I I  
I I  
I I  

1 1  
I 

20 10.22 I 0.2 
1 1 .  
I I  
1 1 ,  

I 1  
1 20 10.22 I 0.2 

60 I 2.47 I 2.2 

100 15.61 I 5 
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TABLE 9. FOLIAR COVER COMPARISONS AT XERIC MIXED GRASSLAND ECMP SITES FOR 1993,1994, AND 1995 

I H I: 

mol-93 

40 10.56 I 0.4 

I 
100 14.48 I 3.2 
80 1 9.8 1 7 
60 10.84 I 0.6 
80 15.04 I 3.6 
ZFiT 

I I  

I I  

I 1  

60 1 1.4 I 1 

40 I 1.681 1.2 
20 1 1.4 I 1 

20 10.28 I 0.2 

L 
I I  
I I  

71.4 

TR01-94 I TRO1-95 
F 
R R  A 
E E  B 
Q L  S 

i L - -  
80 1.72 1.4 40 0.71 0.6 
BO I 1.72) 1.4 20 0.24 I 0.2 

I 40 0.95 0.8 
20 0.25 I 0.2 20 0.47 0.4 

I 
80 4.43 I 3.6 80 1.89 1.6 
80 8.37 I 6.8 80 8.75 7.4 

80 4.43 I 3.6 100 0.98 7.6 
40 4.43 1 3.6 20 1.65 1.4 
20 I 0.25 1 0.2 40 0.71 0.6 
40 10.491 0.4 60 1.18 1 

I 

I I I I I  

40 I 0.74 1 0.6 I 1 I 
I l l  I I  * 20 0.25 0.2 20 0.24 0.2 

81.2 I 84.6 

XI 
lRo6-93 

60 11671 1.2 

I - .  
60 1.31 1 

I 

40 3.66 2.8 60 5.37 4.8 
40 4d5 3.4 40 5.82 5.2 

I 

I I '  
I I I  
I 20 10.22 I 0.2 

.- 
100 161.5 47 100 62.4 55.8 

I I  I I  

2IC GRASSlAND f 

, .~ . 
~ 20 I 0.22 I 0.2 

76.4 I - . 89.4 

, l , y  49.4 45.6! 100 

Frequency = percentoge of the totol number of transects that o @en spedes wos encountered on (n=5) , - I' 
Relotie Cover = mean percent cover of o gben species expressed os a percentage of Ihe totol vegetotlve cover of 011 specles enccunterec (n=5)(lotol # hlts of a rpecles/totol # hlts of oU specles) 
Absolute Cover P the mean number of hlts of 0 gtven specles exprested os 0 percenloge of the toto1 number of hlts poulble (Io0 hlts/tra&ect; n=5)(lotal U,l$ of a spicles/totol number of hlls porrible) . .  
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TABLE 10. FOLIAR COVER COMPARISONS AT MESIC MIXED GRASSLAND ECMP SITES FOR 1993,1994, AND 1995 
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TABLE 10. FOLIAR COVER COMPARISONS AT MESIC MIXED GRASSLAND ECMP SITES FOR 1993, 1994, AND 1995; .::.:: 

:i 
'i 
4 1 
1 
i 

I 

'i 
I 

i 
i 
i 
i 

I 
I 

;j 
i 
! 

i 

PW protenss L IPoPRl 
Pmceoe sp. lpol 
Spobolus cfyptondro (Ton.) A. Groy lSPcRl 

lRO2-93 lRO2-94 

F F 
R R  A R R  A 
E E  B E E  B 

N Q L  S Q L  S 
A U A C O C  U A C O C  
I E T O 1 0  E I O L C  
I N I V U V  N I V U V  
V C V E I E  C V E T €  
E Y E R E R  Y E R E R  

N 20 0.59 I 0.4 20 0.45t.O.A 
N 100 8.21 I 5.6 100 20.91 18.A 

Y A0 0.5910.4 60 1.161 1 

I I 

N I I 

Y I I 
Y I I 
" I 1  I 

1 1 I I I I  

N1 40 1 1.47 I 1 I 401 0.451 0.0 
N I 20 10.29 I 0.2 I 201 0.23 I 0.2 . . .  

I l I I I I  
Y l  2 0 l o . i 9 I 0 . 2 1  I I 

MESICGRASSIANDSM ' 

I I -- I 

Rl l-93 TR11-PA lR11-95 

F F 
R A R R  A R R  A 
E B E €  B E E  B 
L S Q L  S Q L  S 
A C O C  U A C O C  U A C O C  
I 0 1 0  E 1 0 1 0  E 1 0 1 0  
I V U V  N I V U V  N I V U V  
V E T €  C V E l E  C V E I E  
E R E R  Y E R E R  Y E R E R  

I 
I I  

I 
I I  

I 
I 

I I I I I I I (  
n.m I 1x3 I 1 I I 1 1  

2.33 2 60 4.24 A 60 2.94 2.8 

I I I  I 1  

I I I  I 1  
0.95 I 0.8 A0 I 2.33 1 2.2 60 I 1.26 I 1.2 

I 68.2 I 88 I 97.21 . 7 1 . 2 1 . .  91.61 986 I 8A.b I 94.4 I 95.2 I 
FfeguenCy pefcentoge of the lot01 nummr of Ironsects thot o rjlven speclei wos encwntered on ( n 4  
Relotbe Covec D meon percent cwef d o  given spedes ewiessed os o pefcentoge of the toto1 vegetotive cwer of OD specter emunteced (1-1-5Xtotol I hlls of o specles/totol# hlts of 00 specbs) 
Abmlute C o w  D the meon numbec of hlts of o rjhren specles expressed or 0 oeccmtoge of the tolol number of hlts pos9bte (100 hltr/lfonrect n=5Xtot01 I hlts of o speclesltotol rumbef of Nts posmle) 

*" . -- " 
e , .  , . ~ 

I .. 
. r ,-  

_ I . . . .  .. 

4/23/97 TABLE1O.XLS See last page for column heading explanations. 3 

. .  , .  



TABLE 1 1 .  FOLIAR COVER COMPARISONS AT RECLAIMED GRASSLAND ECMP SITES FOR 1993,1994, AND 1995 

1 s  
P 
E 
C 
C 
0 
D 
E 

SClENnFlC NAME 
ASTERACEAE 

. L : .... . : . . -  . .  
Fiequency D percenloge of the Io101 numbei of Ironsecls lhol o given soecles WOI errwntered on (n.5) .:-. .: I...... :a:: . . 
ROIOINO Covm . meon percent covoi of o (~lvon spocins expressed os 0 wrconloOe of Ihe lolol vo~olotlve cover of 00 SlJecItn encounlerod (n~5~lol~ol:U.~tlls o! 0 rpedesltolol I NIs of on specles) 
~ o m t u ~ e  cover . Iho maon nufnbef of hill 01 o given SlJecies exoresled os o wrcenlooe of 1110 10101 number 01 hlls D O U ~ A ~  ( I  00 hlls/bonsect: n=5~1oto1 U hlcs of d&ii-ei/totd wmwi of N I ~  px~o!e) 

.1 . - .  .I . :$ :., , . _ I  ' . " 
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TABLE 12. FOLIAR COVER COMPARISONS AT RIPARIAN WOODLAND ECMP SITES FOR 1993, 1994, AND 1995 -.--'is .: . ,  ' -. 
'.?- ,. . . . - i I . ! .  . 

RlO-95 

R A  
E B  
1 s  
A C O C  
T O L O  
I V U V  
V E T E  
E R E R  

I 
I .  

I 
1.421 1.2 

0.94 0.8 

0.47 0.4 
0.24 0.2 
0.47 0.4 
0.24 0.2 

3.3 2.8 
10.4 8.8 

0.47 1 0.4 
0.47 0.4 

I 

0.24 0.2 

I 

I ,  

I 
I 

I 
I 
I 

0.71 I 0.6 

RIPARIAN SITES 
~ 

TRD3-93 ' 

I I  
I I  

RIO-93 IRIO-94 

F 
R A  R R A  
E B  E E  B 
L S Q L  S 
A C O C  U A C O C  
1 0 1 0  E T O L C  
I V U V  N I V U V  
V E T E  C V E T I  
E R E R  Y E R E R  

I 
I I I  

I 1  
I I  
I I  

0.89 0.6 20 10.84 I 0.6 

U A C O C  
E T O L C  
N I V U V  
C V E T E  
Y E R E R  

SClENNFlC NAME 
ANACARDWCEAE 
Toxkodendfon tycIaerQE (Smd ex Rydberg) Greene TORY1 
APlACEAE 
Clcuto moctnolo L ClMAl 
C&m mocldohm L COMA 
ASCLEPWlACEAE 
Asclepias spedoso Torr. ASP1 
ASlERACEAE 

L * I I I 1  I 
I l l  1 1 .  j-+ 

20 209 1.2 33 
L 
20 10.291 0.2 

L 
CO 1 1.47 I 1 

I I  

=kkkI?= 20 3.01 1.6 
I I  

401 0.531 0.4 
I I  

* 1.19 0.8 80 I 1.961 1.4 2010.821 O d l  I 1. 
I l l  I I '  

I 1 1 - 1  I 
I I I I  I '  

. .  

1 I I 1  I 
mi 0 . 4  0.2 

I 
I I  

I 
I I I .  
I I 1 . ) .  
I 20 I0.75) 0.4 

I 20 i 0.38 i 0.2 

I I  I I 7  

I I 1  I , I ,  6 

I I 1  I 
I I  I I  

- .  
I I  

100 25.7 12.6 100 16.9 9 .  
I I  

1W19&66( 8.4 
I I  m 

40 0.451 0.4 20 1 o.m/ 0.2 + 
I 1  
I I  

i-t * 
I 1  

+I- l l  
Onosmodlum mone ~ l c h x .  IoNh40 
BRASSICACEAE I 

8 1  . .  
I I  &+i-p+i 

I I  I I  

1 1  
I I I  

Alyssum m m  (1.) Rolhmoler AMI  1 
Borbareo OitnoCeros Ledeb. WORl 
Dercuiolnb dchordsonU (Sweet) SChullz DERll 
Nosluflbtn oMdnole R. 51. NAOF I 
Slswnbflum dlWmum 1. SlALl 
CLUSIACEAE 

,* I I I I  
I !  

. .  . .  , . . .. 
, 
7 .  . .  . - . . , , . . 

1 
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TABLE 12. FOLIAR COVER COMPARISONS AT RIPARIAN WOODLAND ECMP SITES FOR 
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TABLE 12. FOLIAR COVER COMPARISONS A T  RIPARIAN WOODLAND ECMP SITES FOR 1993,1994, AND 1995 - . . 

I . .  
68 75 89 49 53.2 57.4 67.4 71.4 84.8 Totol AbIolute Cover (%) 

Frequency D percentcge of the total numbs1 of tronsecls hot o given specles war encwntered on(n-5) 
Relolie Cover = meon percenl cover of 0 gben swedes expressed os 0 percentage 01 the total veoetothre cover of on S Q ~ C I ~ S  encountered (n-SXtotol I hits 01 o rpedesltolol I hlts 01 oll species) 
Absolute Cover the meon number of hlts of o gben swcles expressed os 0 percenloge of the lolol number of hlts posrlble (100 hllsltronsect: n=SXtolol I hlts of ~'spectesllotol number of hlts W l e )  

.̂  . .  . <. : 
' .. . :. . . . . p, ; .. .. . .  . . .  . 

. ;  ' i .  . . . -  ,..... 
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TABLE 13. SHRUB COVER AT ECMP SITES (1 994-1 9951 

TR03 Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEXl Y 60 26.42. 11.20 
TR03 Symphoricarpos occidentalis Hook. SYOCl Y 40 : 8.49 3.60 
TR03 Prunus virginiana L. PRVl 1 Y 20 1 .-89 0.80 
TR03 Rosa woodsii Lindl. ROW0 1 Y 80 ' 1.89 0.80 
TR03 Populus deltoides Marsh. var occidentalis Rydb. PODEl Y 40 1.42 0.60 
TR03 Crataegus erythropoda Ashe CRER1 Y 20 0.47, 0.20 
TR03 Rosa arkansana Porter ROAR1 Y - 20 . 0.47 0.20 

Sample I .  .: 
37.50 1.20 
56.95 25.40 
25.11 11.20 
4.04 1 A0 
2.24 1 .oo 
0.00 0.00 
9.42 4.20 
0.45 0.20 
1.79 0.80 

1994 . 
Relative -Absolute 

TR03 Salix lutea Nutt. SALU 1 Y 
TR04 Rosa arkansana Porter ROAR1 Y 
TR05 Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX 1 Y 

Site Scientific Name Speccode Native I Frequency Cover Cover 
TR02 Rosa arkansana Porter ROAR1 Y I  20 62.50 2.00 

20 0.47 0.20 0 0.00 0.00 
20 100.00 0.20 40 100.00 0.80 
20 51.70 15.20 20 55.56 16.00 

TR02 Yucca glauca Nutt. YUGL1 Y I  40 . 37<50 ' = 1:20 
TR03 Amorpha fruticosa L. AMFR1 Y I  80 58.49 24.80 

TR05 Rosa woodsii Lindl. ROW01 Y 
TR06 Yucca glauca Nutt. YUGLl Y 
TR08 Yucca glauca Nutt. YUGLl Y 
TR10 Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX 1 Y 

1995 
Relative Absolute 

20 .,0.68 ' 0.20 0 0.00 0.00 
60 . 1OO;OO- . 1.60 100 100.00 1.60 
0 "': L o:oo-; .- 0.00 20 100.00 0.20 
60 :- .;,: 35:l 1 .. 15.80 40 36.32 15.40 

. .  

Frequency Cover Cover 
20 68.75 2.20 

TR05 Rosa woodsii Lindl. ROW01 Y I  20 0.68 0.20 I 0 0.00 0.00 I 

TR05 Populus deltoides Marsh. var occidentalis Rydb. PODE1 Y 
TR05 Symphoricarpos occidentalis Hook. SYOC 1 Y 
TR05 Amorpha fruticosa L. AMFR1 Y 
TR05 Salix amygdaloides Anderss. SAAM 1 Y 

TR06 Yucca glauca Nutt. YUGLl Y I  
TR08 Yucca glauca Nutt. YUGLl Y I  

;21.77 . 6.40 20 
40 112193. 3.80 
40 . . .' '10:88i;,...- 2:04 ,, 

40 0.60 
3.20 

60 . 100.00 . 1.60 I 100 100.00 1.60 
0 . ' o.oo-- . 0.00 I 20 100.00 0.20 

40 
60 

TR10 Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX 1 Y 

60 
20 
40 
0 
60 
20 
40 

I 60 .- .; . 35l1 1 .. 15.80 I 40 36.32 15.40 I 

20 19.44 5.60 
40 6.94 2.00 
40 12.50 3.60 
60 5.56 1.60 

TR10 Amorpha fruticosa L. AMFRl ::.: : '34~22 '. 15.40 

TRlO Prunus virginiana L. PRVll . 60::. . . 7 3 6  : 3.40 
T R l O  Symphoricarpos occidentalis Hook. SYOC 1 Y 80 ' 12.89.. 5.80 

40 32.55 13.80 
60 6.60 2.80 
40 8.49 3.60 
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TRlO Salix amygdaloides Anderss. SAAM 1 Y 
T R I O  Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX 1 Y 

TABLE 14. TREE COVER AT ECMP SITES (1994-1995) 

20 14.55 1.60 . 20 1 1.54 1.20 
20 10.91 1.20 40 17.31 1.80 

SamDle 
1995 ' I  Relative Absolute Relative Absolute 

1994 

Site Scientific Name Speccode Native I Frequency Cover Cover' 1 Frequency Cover Cover 
TR03 Populus deltoides Marsh. var occidentalis Rydb. PODEl V I  60 89.77 . 15.80 1 60 95.06 15.40 
TR03 Salix exiaua Nutt. SSD. interior (Rowlee) Crona. SAEX1 Y I 20 6.82 ' . 1:20 .* I 40 3.70 0.60 - 
TR03 Amorpha fruticose L. AMFR1 Y I  20 3.41 . ~ 0.60 - I . 20 1.23 0.20 
TR05 Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX 1 V I  20 . 61.07 . ~ 16.00 .-.I ' 20 51.35 15.20 

37.1 6 1 1 .oo 
10.14 3.00 

TR05 Populus deltoides Marsh. var occidentalis Rydb. POOE1 25.95 - '  6.80 1 
TR05 Salix amygdaloides Anderss. SAAMl Y 9.16 . 2.40 
TR05 Amorpha fruticose L. ) AMFRI 20 3.82 1.00 I 20 1.35 0.40 
TRlO Populus deltoides Marsh. var occidentalis Rvdb. POOEl V I  20 74.55 8.20 I 20 71.1 5 7.40 

Frequency = percentage of transects species occurred in (n = 5). 
Relative Cover = mean percent cover of a given species expressed as a percentage of the total vegetative cover of 
(n =5)(total # hits of a speciesltotal # hits of all species) 
Absolute Cover = the mean number of hits of a given species expressed as a percentage of the total number of hit 

Trees = woody vegetation > 2 m in height. 

- . .  .... (100 hitsltransect; n =5)(total # hits of a speciesltotal number of hits possible) ... - .. . .  

. . . .  
. . . . . .  . .  . .  

_ .  . .  

. .  

. . . .  . .  
. . . . .  . . . . .  .... -. .... ~ ... .'&-' .. 
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TABLE 15. PERCENT NATIVE RELATIVE FOLIAR 
COVER AT ECMP SITES AND COMMUNITIES FROM 1993-1995 

Percent Native Relative Foliar Cover 

TR06 79.8 73.8 62.6 72.1 
92.8 87.8 76.2 85.6 TRl2 

TR02 85.6 72.7 61.5 73.3 

rry , . . . ...*v'!5%::3-$' 

$, .?=  ~ ~ ~ ~ & G ~ ~  

48.0 35.8 35.3 39.7 
67.8 49.6 37.4 51.6 

TR04 

.,# TR05 28.6 48.1 54.4 ', 43.7 

. ,  

. . .  , .  . . ,  
. .  . .  . .  . .  
, , .  

:, . .  . . ' Site values n=5 
Community values n = 15 

I *  
. .  
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TABLE 16. CURRENT YEAR PRODUCTION BIOMASS 
AMOUNTS AT ECMP COMMUNITIES (1 993-1 994) 

Community Biomass Type 1993 1994 93-94 Mean 

Xeric Current Year Production (g/m2) 124.2 128.6 126.4 

Xeric Litter (g/m2) 115.8 262.9 189.4 

Mesic Current Year Production (g/m2) 117.4 120.1 11 8.8 

Reclaimed Current Year Production (g/mz) 113.6 145.8 129.7 

Mesic Litter (g/m*) 157.1 225.0 191.1 

Reclaimed Litter (g/m2) 150.5 227.5 189.0 

Community values based on an n =25 

5/2/97 TABLE1 6.XLS 
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I 
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! 

1 
1 
! 
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! 
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XERIC ORASSLAND MESIC GRASSLAND RECLAIMED ORASSLAND 
T R O 1 - 9 4  T R O 6 - 9 4  TRl2-94 T R O 2 - 9 4  T R O 4 - 9 4  TRll-94 T R O 7 - 9 4  T R O 8 - 9 4  T R O 9 - 9 4  

F F F F -  F F F F F 
R R R R R R R R R 
E B  E B  E B  E B  E B  E B  E B  E B  E B  
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TABLE 17. (COnt.) 

~~ ~~ 
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TABLE 17. (cont.) 
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- TABLE 18. 1996 VEGETATION TYPES MAP SUMMARY INFORMATION 

Habitat Type Habitat Code Total Area (ftz) -.-TotaLAcres Percent of Site 

. .  
Xeric Tallgrass Prairie 33 1 78873781..2: .::'. 18_l0;7 . .  . 27.9 

Xeric Needle and Thread Grass Prairie 332 8211554:l :. 188.5 2.9 
Annual GrasslForb Community 41 0 4269738i91 ' : 98.0 1.5 

Reclaimed Mixed Grassland 324 281i0654.45- . :  - ~ i 4 5 . 3  10.0 

31 0 433106.6 1.1 9.9- 0.2 
.. . .. ' ,. . , 

Short Grassland 

01 0 11065436.8 . - - 254.0 3.9 
1.9 Short Marsh 020 5310091.4 . I '- 121.9 

, ... 0.5 Tall Marsh 030 

Short Upland Shrubland 220 1718940.6 . : . ' >  39.5 0.6 

. .  1368792.0 .. .'-'!31'.4- ' ~ 

;;.? ..: .. . . .  , n nds , : '  : .  .. .... ..... \. .... 
. . _ .  ~ . 

Tall Upland Shrubland 230 1481518.6 ;. 34.0 0.5 
Savannah Shrubland 260 1343294.0 .30.8 0.5 
Riparian Woodland 110 1216451.5 , . - '27.9 ... . 0.4 
Leadplant Riparian Shrubland 21 1 1143626.5 ' . . 26.3 0.4 
Willow Riparian Shrubland 21 2 627962.7 4 '1a.4 0.2 

0.2 Ponderosa Woodland 120 

420 

, .. . 

. .  
Open Water 0 1760988.7 -.. : .40.4 0.6 
Mudflats 090 467576.9 : . . . 10.7 0.2 
Riprap, Rock, and Gravel Piles 530 3231 61.2 . -  7.4 0.1 
Tree Plantings 130 . 24149;7 0.6 0.0 
TOTAL ACREAGE 6485.0 
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TABLE 19. SUCCESSIONAL STAGES ON THE EASTERN PLAINS OF COLORADO 

r 

Judd (1974) 

Annuai weed stage 

(1 -5 years) 

Mixed annual-perennial stage (3- 

7 years) 

Perennial stage (5-1 2 years) 

Perennial climax grasses (1 0-50 

years) 
. I  

S h z z  (1917) 

1 

Early weed stage (1-3 years) 

Late weed stage (2-5 years) 

Short-lived grass stage (4-8 

years) 

Perennial stage (7-14 years) 

Costello (1 944) 

Initial stage (2-5 years) 

Forb stage (3-6 years) 

Short-lived perennial stage (4-10 

years) 

Aristida stage (1 0-20 years) 

Climax mixed prairie (20-50 

years) * '  
, '  

. +  
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VEGETATION MAP BACKGROUND 

. . . ., .,. . . . .  .. .. 

During the winter of 1996, work was begun on updating the Site vegetation types map 
(Figure 2 in the main body of the report) to make it more useful. The most important rea- 
son for the update was that maps produced previously either were no longer current or 
were not accurate enough for managing Site ecological resources. 

An early vegetation map produced by Clark (1980) showed the vege- 
tation as of 1974. Although it provides a good historical perspective 
on Site vegetation, the map'no longer accurately represents the Site 

nation of grazing. :. . . ,  

In 1991, as part ofthe b hcterization at the Site , .  

. .  1 vegetation because of changes "over i, . $he" p q  1 "two, . : a ,  , .  decades .&., resulting . I .  , 8 .  * 

terations, and the elimi- , : .L;:, 

- ~. 
' ' fiom disturbances, 'stre 

I .  . .  

(DOE 1992), an upd produced. It more accu- 
rately represented the vegetation at the'Site, but numerous errors were 
present as a result of incomplete:gro&il . .  truthing and the .lack of an 
accurate base map. 

In 1994-95, an attempt was made to use milti-spectral imagery to 
produce a vegetation map of the Site. Unfortunately, the map was not 
as accurate as previous maps and was of little value for ecological 
work at the Site. 

As a result, the Ecology group, working in coordination with the Site GIs group, began 
work on creating an updated vegetation map. 

METHODS 

A classification system (Appendix B) was developed based on the classification units 
delineated on the older maps, interpretation of new vegetation monitoring information, 
and the classifications (habitat-type categories) used for much of the other ecological 
monitoring at the Site. A general wildlife habitat-type classification system was selected, 
because it had been used on past maps and in past databases. Also, the lack of detailed 
plant association data for the Site made a plant association map impractical, given the 
time limitations for producing it. 

Mapping was done primarily on the ground. The entire Site was traversed on foot, field 
checked, and mapped in the field, by drawing map units on acetate-covered aerial photo- 



graphs (color, Ma-red, and black and white) or blank maps of the Site. The minimum 
size of mapping Units varied depending on community type. Greater mapping detail was 
achieved along riparian corridors than was possible in the grasslands. In the grassland 
units, minimum mapping unit sizes were generally larger than those found in riparian 
areas, because of the difficulty in determining actual position on the ground and problems 
associated with seeing small community transitions on the aerial photos. In the riparian 
woodlands, shrublands, and some wetland areas, where structural differences in vegeta- 
tion were more easily visible in the photographs, more detailed mapping of smaller unit 
sizes was possible. Aerial photographs used in the field were at a scale of 1 :4,000. Data 
delineated in the field were then transferred to acetate overlays on large, rectified black- 
and-white orthophotos (1:6,000), which were available in digital format in the Site geo- 
graphic information system (GIs). The delineated map units drawn on the acetate over 
the larger photographs were digitized into the Site GIs, and digitized results were. , 

1abeled.with the classification units. Draft m 
:before the,:firial vegetation . .  map was produced. 

I .  

r .  I , 

. - . .  . 

VEG.ETA?I@N, .. MA.‘;.RESULTS AND :DISCUSSION : 
.I .* ’ ’ ;, ...! .., . .  

The fi;lal updated 1996 vegetation types map is shown in Figure 2 (larger maps are av+l- 
able from the Site GIs group). The total area covered by each classification type on the 
map was dculated from the GIs (see report, Table 18). The grassland communities 
accounted for nearly 77 percent of the vegetation cover. Wetland areas provided 
approximately 6 percent, and woodlands/shrublands approximately 3 percent, of the 
cover. Other classifications, including disturbed and developed areas, open water, mud- 
flats, riprap, and rock piles, accounted for about 14 percent. The disturbed and developed 
areas included the Industrial Area (which was blocked out as a whole), mining opera- 
tions, landfills, and the Site road system. 

The new Site vegetation map provides important information for addressing ecological 
resource management and environmental cleanup at the Site. Potential uses for the map 
include, but are not limited to, the following: 

w Landuseplanning 

w National Environmental Protection Act (NEPA) compliance 

Natural Resource Damage Assessment (NRDA) 

w Resource Conservation and Recovery Act (RCRA) issues 

Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) compliance 

w Natural resource trustee and other cleanup issues 

2 
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. . .  

, . .  . .  I: 

I 

Wildlife management concerns (including the Preble's meadow 
jumping mouse) 

Tracking changes in plant communities 

H Identifjing and protecting sensitive wildlife habitats and rare plant 
communities 

H Tracking weed control and controlled burn effects 

H Showing the effects of habitat fragmentation 

Providing information on wildlife corridor issues. 

I 

... ,. . , . .  . 
... , . .  . . .  

. , L . * ' .  .. 
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1996 VEGETATION MAP HABITAT CODES 

000 AQUATIC AND WETLANDS HABITATS GROUP 

Terrestrial Subgroup 
010 Wet MeadowMarsh Ecotone 
Typified by the presence of Agrostis stoloni$era, Spartina pectinata, or occasionally solid 
stands of Poa compressa or Agropyron smithii. Other common plants found in this 
classification type include Asclepias speciosa, Iris missouriensis, Cirsium arvense, 
Rumex sp., and sometimes Arnicafilgens. Soils are usually fine, silty materials with few 
,rocks. These areas are commonly found on the edges of the streams, ponds, seeps, and 

$1 . ," 
I other wetter areas at the Site, often just beyond the short marsh and tall marsh'lclassifica- :d . .  1 

. .  

.3, {i; [; pc?,;! a : ,,,.& ;;.: 

. .  
':. ..020': Short'Marsh 

Typified by stands of Carex sp. andor Juncus sp. This classification is usually-&& and t:. 
underwater1for parts of the year. It has fine, muddy soils with few rocks. 

030 Tall Marsh 
Typified by stands of Typha sp. and/or Scirpus sp. These areas are usually under water 
and have generally fine, muddy soils with few rocks. 

,. . , .I .. - .  ...., :: ' 
. .  

Open Water Subgroup 
050 Ponds and Impoundments 

054 Open Water 
This classification was used for the ponds and other open water bodies at the Site. 

Emergent Subgroup 
090 Mudflats 
This classification represents areas that often become exposed between the high and low 
water marks along the pond margins. It also includes small pool areas that completely 
dry out during the summer. Vegetation is usually sparse, but may include such species as 
Echinochloa crusgallii, Rumex sp., Polygonum sp., or a few other grasses or sedges. 

100 WOODLANDS HABITAT GROUP 

110 Riparian Woodland 
This classification is typified by stands of Populus deltoides, Salk amygdaloides, Ulmus 
pumila, Populus albus, and perhaps a few other tree species. There may also be an 

4 g:~n#3eO401\doc 



I .  

understory of Prunus sp., Symphoricarpos sp., Salk sp., or other woody species. This 
classification is found primarily along the drainage bottoms at the Site. 

120 Ponderosa Woodland 
Typified by scattered stands of Pinus ponderosa with some occasional Pseudotsuga 
menziesii. This classification is found primarily on the western edge of the Site on the 
northern edges of ridgetops. It is also common along the old railroad grade. It is often 
surrounded by xeric mixed grassland. 

130 Tree Plantings 
This classification represents areas where trees have been planted for landscaping or 
shelterbelt purposes. The only occurrence of this classification in the Buffer Zone is the 
apple orchard. Areas of this classification are present in the Industrial Area, but no 
vegetation mapping was done there .for ws.,map. ,. , , . . .  , . _  . a  

J .  .,:; .. . , . ;... , .,, ;, . .  
.. . I  . .  , .I 

' . . , . . , I  .. ., ... : > , . .. 
. .  , : 

, . I  

, . .  . 

200 SHRUBLANDS HABITATS GROUP ' 

210 Riparian Shrubland 
I . '  , , , >;; + 

I .  
I .  

This cla&ification is composed of stands of Salk exigua andor Amorphafiuticosa. It is 
found primarily along the stream channels at the Site. This classification was broken 
down into two other subdivisions, depending on which species was dominant. 

211 Riparian Shrubland - Stands dominated by Amorphafiticosa. 
212 Riparian Shrubland - Stands dominated by Salk exigua. 

220 Short Upland Shrubland 
This classification is dominated by stands of Symphoricarpos occidentalis and occa- 
sionally Rosa sp. This classification is typically found in a wetter environment than the 
Savannah Shrubland habitat described below. The short upland shrub is often found in 
association with wet meadows and other aquatic/riparian/wetland classifications. 

230 Tall Upland Shrubland 
This classification is typified by stands of Crataegus erythropoda, Prunus virginiana, 
and Prunus americana. Most of this classification is found on north-facing slopes in the 
Rock Creek drainage. It is typically underlain by cobbly, gravely soils. 

260 Savannah Shrubland 
This classification represents areas of open shrubland with grassland between the scat- 
tered shrubs. The predominant shrub for this classification is Rhus aromatica, but occa- 
sionally Ribes ssp. and some other woody species may be present. Most of this 
classification is found in the Rock Creek drainage at the Site. 

5 .  
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300 GRASSLANDS HABITATS GROUP 

310 Short Grassland 
This classification is typified by stands of short grass prairie species, Buchloe dactyloides 
and Bouteloua gracilis. Very little of this classification is found at the Site. 

320 Mixed Grassland 
This classification is broken down into three subdivisions found at the Site, which often 
intermix, making boundary deliniations difficult between the classification types. 

322 Mesic Mixed Grassland 
This classification is dominated by Agropyron smithii, Poa pratensis, and Boute- 
loua gracilis. Other common species include Stipa viridula, Poa compressa, Bro- 

i f' mus japonicus, and Ai'yssum minus. In contrast with the bunchgrass &appearance, of 
t , the xeric mixed grassland described below, these grasslands have more of a, solid 

, turf appearance as a result of the physiognomy of the species present. The soils are 
1 .I considered to be clay loams and do not have the cobbly appearance at the surface 2 , 

are considered mesic mixed grassland, and their quality varies considerably. The 
mesic mixed grasslands on the western side of the Site seem to have been less 
degraded by exotic, non-native invaders such as Bromus japonicus, Alyssum minus, 
and Carduus nutans, than those on the eastern edge. For classification purposes, no 
distinctions were made based on the impact of these exotic species. As long as an 
understory of Agropyron smithii, Poa pratensis, or Bouteloua gracilis was present 
beneath the exotic, non-native species, the grassland was still classified as mesic 
mixed grassland. 

. . 
\ 

at is typical of the xeric mixed grassland soils. Most of the hillsides on the Site ~ 

323 Xeric Mixed Grassland 
This classification is dominated by Andropogon gerardii, Andropogon scoparius, 
Stipa comata, Muhlenbergia montana, Carex heliophila, Arenaria fendleri, Aster 
porteri, Koleria pyrimidata, and Liatris punctata. The grassland has a bunchgrass 
appearance as a result of the physiognomy of the species present. Stands of Yucca 
glauca, which are found in a few spots primarily on ridgetops on the eastern side of 
the Site, are also included in the xeric mixed grassland classification, because they 
are often surrounded and intermixed with this classification type. This classifica- 
tion is found on nearly all the pediments and ridgetops at the Site and is underlain 
by Rocky Flats Alluvium. The soils are considered to be sandy clay loams with lots 
of cobbles. The surface of the ground is usually very rocky. Two subdivisions of 
xeric mixed grassland were recognized: 

.331 Xeric Tallgrass Prairie 
This subdivision is dominated by Andropogon gerardii and Andropogon sco- 
parius. It also contains high cover of Muhlenbergia montana, Carex helio- 
phila, Arenaria fendleri, and Aster porteri. Other tallgrass prairie species 



. i  
1 .  

include Sorghastrum nutans, Sporobolus heterolepis, and Panicum virgatum. 
The soils are usually visibly cobbly on the surface. 

332 Xeric Needle and Thread Grass Prairie 
This subdivision is dominated by Stipa comata and Stipa neomexicana. It 
contains very little Andropogon gerardii and Andropogon scoparius. The 
soils are not quite as visibly cobbly as the xeric tallgrass prairie. 

324 Reclaimed Mixed Grassland 
This classification is dominated by Bromus inermis, Agropyron intermedium, 
Agropyron cristatum, MeIiIotus sp., Convolvulus arvensis, and other planted or 
adventive species. This classification covers all Site areas that have previously 
been fanned or disturbed, and then revegetated with various seed mixtures. Large 
tracts of this habitat type are, fopnd 
and around the InduStrial Area'i", 

the southeastern. portion of the Site and 
. .  

" .. 1 
, .  

I ' .  .. 
... . .  , ,  : . .  . .  ; . . ,  

. .  . .  . , I  , .  
, . ,  ' 

. . . . . . . . . . .  . . . . . . . . . .  ....... . . . . . .  ... 

. .  

. .  
. ;' I .  

1 .  ., . .. , 

- .. 
' ,400 .DISTURBANCE HABITAT GROUP ; , .' , .: 

410 Annual Grass/Forb 
This classification is dominated by a plant commmity of annuals such as BromLs japoni- . 

cus, Bromus tectorum, Centaurea difisa, Helianthus annus, and othei associated species. 
This category was used when little or no mesic mixed grassland community existed 
beneath the annual species listed above. These areas were often disturbed, unrevegetated 
areas or areas where reclamation efforts had failed and an annual, early successional stage 
had established. 

420 Disturbed Barren Lands (Roads) 
This classification was used for the roads and Industrial Area and other disturbed barren 
areas. 

500 STRUCTURES AND STRUCTURE ASSOCIATIONS HABITATS GROUP 

530 Rock and Gravel Piles 
This classification was used for riphap piles along stream channels and on dam faces. 

., . - -  - - - -  v... .- . .  . . . . . .  . . .  . . . . . .  . .  _--- 
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EcMP 1993-95 DATA SETS 

The following list provides information for analyzing and interpreting the 1993-95 EcMP 
terrestrial vegetation data sets. The filenames and associated concerns are addressed. 

GENERAL COMMENTS CONCERNING THE DATA SETS 

The phenological-state data contained in all the belt transect data sets must be used with 
caution. The method in which it was gathered did not take.into account abundance asso- 
ciated with each phenological stat r each species are 
contained in the electionic daws 

: ’ ,  .1 . _  
. .  

. .  
3) 

I . .  . ... 
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1993 DATA SETS 

1993 EcMP terrestrial vegetati a subcontractor to EG&G. 
Technical problems were ly as a result of sampling 
errors attributable to the field personnel’s lack of familiarity with the Site flora. All 
vegetation sampling was conducted in mid- to late summer. Correct field identification 
of many species was a constant problem and must be considered when interpreting the 
data sets. 

belt93 1 .dbf 

b elt93 2 .dbf 

pit932.dbf 

quad932.dbf 

Contains the “spring 1993” belt transect data. The term “spring” is a mis- 
nomer, however, because sampling was conducted in July. Therefore, this 
data set does not include the spring ephemerals from the sites. 

Contains the late summer 1993 belt transect data The woody stem density 
data include a number of subshrub species such as Gzitierrizia saruthrae, 
Artemesia fiigida, Artemesia dracunculus, and others that were not 
included in counts during the 1995 sampling, so this must be taken into 
consideration when analyzing the data to obtain comparable numbers. 

Contains the late summer 1993 point-intercept transect data The basal 
cover portion of the data set is of no value and should not be used for any 
analyses because of serious inconsistencies and problems with the sam- 
pling. The foliar cover portion of the data set is usable, however. 

Contains the late summer 1993 production plot sampling. The data were 
collected in such a manner as to only allow determination of total biomass 
for all species combined. Annual biomass of individual species cannot be 



determined fiom the data set, because current-year dead and previous-year 
dead materials were not separated by species. 

pnut93l.dbf Contains plant nutrient data from the first 1993 sampling session. No 
known problems with this data set. 

pnut932.dbf Contains plant nutrient data from the second 1993 sampling session. No 
known problems with this data set. 

3994 EcMP DATA SETS 

getation sampling was conducted by E 
sampljng session in 1994 lasted fiom 
f the"1arge amount of sampling condu 
collected cpuld have some &ect on the'interp 

the spring 1994 belt transect data. No kno 

belt942.dbf- 8:  ; . .. Contains the late summer 1994 belt transect data. The woody stem density; 
data include a number of subshrub species such as Gutierrizia sarotzrae, 
Artemesia j-igida, Artemesia dracunculus, and others that were not 
included in counts during the 1995 sampling, so this must be taken into 
consideration when analyzing the data to obtain comparable numbers. 

' ' 

pit942.dbf Contains the late summer 1994 point-intercept transect data. No known 
problems. 

quad942.dbf Contains the late summer 1994 production plot data. These data were 
collected such that species-specific biomass production can be determined. 

1995 EcMP DATA SETS 

1995 EcMP terrestrial vegetation sampling was conducted by RMRS (Site) staff ecolo- 
gists. No production plot data were collected in 1995. 

belt95l.dbf Contains the 1995 spring belt transect data. As mentioned for the 1993 
and 1994 point-intercept data sets, in 1995, a change was made concerning 
what woody species were counted. 

Contains the 1995 late summer belt transect data. No known problems. belt952.dbf 

2 ~ : ~ ~ n ~ 4 0 f \ e c m p l a p p b . d o c  



pit952.dbf Contains the 1995 late summer point-intercept transect data. No known 
problems. 
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